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OIL POLLUTION IN THE
COASTAL ENVIRONMENT

JOHN W. FARRINGTON
Woods Hole Oceanographic Institution
Woods Hole, Massachusetts

ABSTRACT

Petroleum and petroleum produets such as fuel oil and lubricating oil are very complex mixtures of
chemicals with individual compounds numbering at least in the tens of thousands. This very com-
plex chemical mixture is introduced into the already complex system of interacting physical,
chemical, biological, and geological components which constitute the marine environment. Thus,
the investigation of the impact of oil poliution on the marine environment is a difficult undertaking
which will require much more research before some of the potentially most serious problems are

fully understood.

INTRODUCTION

Oil pollution in the estuarine and coastal environ-
ment is the subject of many strong political, eco-
nomie, and environmental arguments. The advent
of new and/or expanding refinery operations, port
facilities, deepwater oil terminals, offshore drilling
and production, pipelines, ocean dumping, and
tanker traffic requires an understanding of the im-
pact of aceidentally or intentionally discharged oil
on the coastal zone environment.

A major portion of our knowledge about oil pollu-
tion has been obtained during the past five years.
The acquisition of this knowledge was catalyzed by
such well publicized incidents as the massive Torrey
Canyon oil tanker spill, the Santa Barbara oil well
blowouts and smaller but extensively studied spills
such as the West Falmouth, Mass., oil spill (Anon.,
1971; Smith, 1968; Straughan and Kolpack, 1971,
Blumer et al., 1971a).

The findings of many oil spill studies and labora-
tory and field surveys of oil pollution are subjects
of serious debate within the scientific community,
and also within the governmental, public, and private
sectors of the world. The controversy involving
seemingly conflicting reports about the impact of
oil pollution resulted in the convening of a study
group by the National Academy of Sciences to
ascertain the state of our knowledge with respect
to the inputs, fates, and effeets of oil pollution in
the marine environment and to point to areas in
need of further research. The study group met
in May 1973. The report will be issued late in 1974
or early 1975 after more than a year of debate and
revision. It is clear after reading the final drafts of
this report and also the background papers (NAS,

1973, 1974) leading to the first draft, that areas of
controversy remain. It is also clear from reading
these same reports and reviewing current literature
that significant progress towards understanding the
inputs, fate, and effects of oil in the marine environ-
ment has been achieved.

OBJECTIVES
The objectives of this paper are as follows:

1) To provide a summary of available information.

2) To discuss areas of controversy and areas of
limited knowledge.

3) To suggest information which can be of use in
making management decisions regarding the estu-
arine and coastal environment.

4) To suggest some approaches towards providing
the further information needed to adequately under-
stand and/or monitor oil pollution.

A review and discussion of the engineering aspects
of the prevention, control, and abatement of oil pol-
lution will not be attempted. They are subjects
better treated by someone more knowledgeable in
the field of engineering. Readers interested in these
topics will find them discussed in the Proceedings
of the Conferences on the Prevention and Control of
Oil Pollution (API, 1969, 1971, 1973).

SOURCES OF INFORMATION

There are numerous sources of published informa-
tion about oil pollution. These sources include news-
paper accounts, technical reports, and refereed scien-

385



386 Estuarine PorrutioNn CONTROL

tific journal publications. Generally, the latter is
the information source most highly regarded for its
accuracy and objectivity. Scientific journal articles
are usually rigorously reviewed by the authors’ peers
prior to aceeptance for publication. There are numer-
ous scientific journal articles dealing with oil pollu-
tion. There are, however, far more technical reports
reporting on oil pollution studies. The preponderance
of technical reports is the result of the need to get
information to decision makers, including the public,
as rapidly as possible. If a scientist waited for the
normal review and publication process in a scientific
journal he would experience a delay of approximately
6 to 18 months after writing a report of the study.
The demands for information often require a more
rapid transfer process from the arena of science to
that of decision makers. But a penalty is paid. The
peer review process is circumvented unless the deci-
sion makers arrange for peer review of the report.
They are well advised to do so, including peer review
of this report.

It is fortunate that, as previously mentioned, the
subjeet of oil pollution in the marine environment
has recently been reviewed by the National Academy
of Sciences study group. Readers interested in a
detailed review of the subject are referred to the
Background Papers for this study and the Final
Report (NAS, 1973, 1974). There are also several
other reports from workshops, symposiums, or con-
ferences, and books which provide a broad review of
the literature or contain in one collection several
papers on recent progress (API, 1969, 1971, 1973,
Duce and Parker, 1974; Goldberg, 1972 a, b, ¢;
Ketchum, 1972; SCEP, 1970; Smith, 1974; NAS,
1971; Mathews et al., 1971; Hoult, 1969; Boesch,
et al., 1974).

Two large collections of references dealing with
oil pollution studies are those of the Oil Spill Infor-
mation Center, University Library, the University
of California, Santa Barbara; and the Plymouth
Laboratory of the Marine Biological Association of
the United Kingdom. I have avoided listing an ex-
tensive bibliography because there are over 2,000
references dealing with the various aspects of oil
pollution eontained in the files of the two biblio-
graphic collections, books, reports, and papers cited
above. Rather key references or references to reviews
are given.

SOURCES OF OIL INPUT
TO THE UNITED STATES COASTAL ZONE

There are several sources for oil entering the
marine environment. These are given in Tables 1
and 2 along with the estimated annual input rate

Table 1.—Estimate of petroleum and petrbieum hydrocarbon >inputs to the
marine environment

(Millions of metric tons per year)

World . u.s.
Normal Operations .

Offshare Production ®_ o] 0.02 0.003
Transportation *

Load on top tankers. .o _oooromooo o] 0.31 0.05

Non-load on top tankers. .. .eoocinoano-] 0.77 0.12

Dry docKing- - - o o] - 0.25 0.039

Tertinal 0perations. - .o oo ecweeoecans : 0.003 0.0004

Bilges bunkering 0.5 0.078
Coastal Refineries ®._____._... .2 0.03
Coastal Municipal Wastes ®...._ . ........ 0.3 0.10
Coastal Noh-Refinery Industrial Wastes 2___. . ] 0.3 0.10
Urban Runoff b-.._.._-_-.._.____.-v. _______ 1. 0.3 0:10
River Runoff b___ 1.6 0.53
Atmosphere © : 0.6 0.18
Natural Seeps P R 0.5 0.12
Accidents *

Offshore production ... i 0.06 0.01

Tankers o manm 0.2 0.03

Non-tankefs__... 0.10 0.02

6.113 1.510

= Egtimate with high confi dence ratmﬂ
b Estimate with inodest confidencé riting.
© Estimate with low confi dence rating.

Table 2.~United States petroleum ahd péh‘oleum hydrocarbon niputs to the
marifé envnrdmﬂént ’

Mitlion Metric 1 .V of
Tdns per Year Iougal
Offshore Production R : ”
Normal operations..o-.ce-coocvcmmacecwan] © o0 0,003 | 0.20
Accidents. .- ) 0.0l . 0.66
Subtotal ..o 0,013 - 0.86
Tankers » .
Normal operations 0.209 13.84
Accidents_ ... J 0,03 1.99
SUBLOAL o~ oo e | 14.73
Non-Tankérs I '
Bilges bunkering_. T 0,078 517
Accidents____ 002 - . 1.32
Subtotal.. ... cimeceeeennd] ’ 0.098 5.49
Coastal RefiNeries oo oeceoeemeee — 0.03 1.99
Coastal Municipal Wastes._...____o.___..___1 0.10 - - 6,62
Coastal Non-Refinery Industriat Waste...___._ 0.10 . 6.62
Urban Runoff__. 0.10 | 6.62
River Runoff._. 0.53 35,10
Atmosphere___ . 0.18 11,92
Natural Seeps___. 0.12 7.95
hnial e " ) 0. 10
Total.__. 1.51 -

for each source. Figure 1 provides a graphical pre-
sentation of the pathways of oil input to the marihe
environment. Table 1 compares the estimiates for
the world input and those for the United States
inputs. Table 2 presents the United States input in
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NON-ACCIDENTAL
NORMAL OPERATION
INPUTS
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SEWERS

H;JDUSTRIAL
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Frgure 1.—Pathways of oil input.

terms of annual input rates and the percentage of
the total input in each category.
Several important points about these tables are:

1) The world input values and some of the United
States input values were taken directly from the
NAS (National Agademy of Sciences) report (1973,
1974). Other values for the United States input
were caleulated from values given in the NAS report.

2) The-estimated 1nput rates are in some cases

" approximptions with ‘a’ wide range of uncertainty.
The NAS report ranked" thg estimates accordlng to
the degree of confidence in the value glven These
rankings are given in Table 1,

3) These estimates are global or natlonaL averages
The relative importance of the various sources of
oil entering the marine environment varies with geo-
graphical Jocation and time. For example, a large
well blowout would be a massive input of oil to a
given location and even when averaged over a 10
year period of time would result in the offshore
drilling and production aceidental input category
dominating inputs for that geographical location.

4) The largest inputs of oil are from normal
operations and are intentional discharges: Acci-
dents account for only 4 percent of the U.S. input
and 6 percent of the world input to the marine
environment.

5) Oil tanker operationsg account for 16 times as
much oil input as offshore production for the U.S.,
and 20 times as much for world inputs.

When considering the oil inputs to the coastal
zone, as opposed to the total marine environment,
some consideration must be given to the location of

the inputs from tanker operations. The largest input
in tanker operations is from-ballasting operations.
These normally should occur at sea well away from
coastal areas. How much of this input actually
reaches the coastal areas is a complex function of
the physical, chemical, and biological weathering
and degradation of the oil and also the surface cur-
rent system off the coast. My guesstimate is that
very little of the total tanker discharge reaches the
U.8. coast although the portion that does in the
form of tar particles, tarballs, or slicks may be
aesthetically unpleasing and contribute to the total
impact of oil pollution on the ecologlcal integrity of
the coastal zone.

6) The atmospheric input figure given in Table 2
is the estimated U.8. input to the world oceans. The
input to the coastal zone from dry fallout and rain
is some unknown fraction of the value in Table 2.

7) The input from rivers and from land opera-
tions contiguous with the U.S. coastal waters is
substantial and accounts for 57 percent of the total
input.

8) The effect of the input from the various sources
can be quite different. For example, accidental spills
are point source and point in time inputs which
may have immediate acute effects and long term
chronic effects. Municipal or industrial effluents on
the other hand may have no measurable immediate
impaet but may have long term chronic effects as
the concentration of the petroleum chemieals builds
up in the ecosystem receiving the input.

Management Decisions Suggested
by the Input Data

Several important points relating to the control
of oil pollution discharges are suggested by our cur-
rent knowledge of oil inputs to the coastal zone.

1) The largest category of inputs is the chronic
dribbling of ¢il into the coastal zone by industrial
and municipal effluents, urban runoff, and river
runoff from inland areas. Thus a substantial amount
of oil will be discharged to the U.S. coastal zone
regardless of whether it is transported to the coastal
zone via tanker or produced by offshore wells in the
U.S. coastal and continental shelf waters. Unless
steps are taken to reduce it this input will increase
as our oil consumption increases.

Management decisions which would have a signifi-
cant effect in reducing ’chis input are:

a, Reduce per caplta ‘01l consumption.

b. Encourage re-refining or reuse of waste oils.
This would reduce inputs and help conserve
a valuable natural resource.
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¢. Require the application:and/or development
of technology to reduce the amount of 6il in
-industrizal’ effluents, including refinery efflu-
-ents. This applies both to effluents-discharg-
ing ‘direetly to streams, rivers, or coastal
waters and those dlseharglng to rnunlc1pal
sewers. : :

2) Dr11hng and producing oil in offshoré areas is
safer for the total marine environment than import-
ing equal quantities of oil because current estimates
are that approx1mately 0.014 percent of ‘oil produced
offshore is discharged to the marine environment,
whereas about 8 tlmes as much or 0.11 percent of
the 011 tranSported by tanker s discharged to the
marine ‘énvironment. Thls assumes that oil produced
offshore from a given location is pipéd ashore and
refined or used there without subsequent transporta-
tion by sea to other locations. The statement must
also be qualified in that it is assumed that the impact
of ‘accidental spills and chroni¢ small inputs from
oil tankers and from offshore produétion ‘and drill-
ing’ have ' similar effects ‘per unit amount of oil
input. Finally, this statement does not take into
account the ecological damage which may resulttin
coastal ateas due to the construétion ‘and mamten—
ance of prpehnes and onshore facﬂltles I

IDENTIFICATION OF ‘SOURCES"™
OF MYSTERY OIL SPILLS

Mystery oil spills for which the souree is unknown
account for 30 percent of the oil spills in ,Umted
States. waters (NAS, 1973, 1974). There. are two
potential means by which the source of mystery oil
spills can be identified. The ﬁrst method is active
tagging of oil tanker cargoes, plpehne loads, and
storage tank contents with microscopic spheres or
"special chemleals The size of the bureaucracy neces-
sary to ensure accuratoe records renders this method
impractical. .

The second meéthod involves detaﬂed chemlcal
analysis of the spilled oils and potential sources.
The chemical parameters are theh compared and
the best match of a potential source with the spilled
oil is attempted This technigue is called “passive
tagging” and makes use of the unique chemical
composition of each oil to distinguish oils one:from
another:and match oils from souree and spill sam-
ples. The technique is also referred to as “finger-
printing;” which is perhaps unfortunate. Many non-~
scientists in the field of oil pollution-control have
mistakenly equated ‘“fingerprinting” in identifying
mystery oil spill sources with fingerprinting in erim-

inology. "This is not the case. The’ forrne1 i§ ih its
infancy as a technlque et

The suecess of passive tagging in actually provmg
beyond & reasonable doubt the source: of a spill
depends on having a complete collection of all pos-
sible sources. Then the analytlcal chemist applies
increasingly more sophisticated analytical techniques
until the parameters of one. potential source match
the parameters of the spik sample However, if the
actual source is‘not present in the sample collectlon
ineorreet identification could result. It could be that
a further application of more sophlstlcated ‘chemtcal
analysis would have shown that in' fact the source
was not among the collection of possible sources.
Passive tagging can be used to eliminate possible
sourcesand give a probablhty estimate of the source.

The status of passive taggifig in -eriminal or civil
court cases involving oil pollution has yet to be
extensively tested. The technique is of use in proving
potential sources of a mystery oil spill were not the
actual source: The technique-used.in conjunction
with other corroborative evidence may provide suffit
cient evidence to identify the source of a spill, Aside
from the legal aspects, passive ,tagglng may provide
some estimate of the extent and severity of oil pol-
lution from a known source such as a refinery effiu-
ent, produeing well, or accldental spill of known
origin.

The scientific and teehmcal aspects as Well as
hmltatlons of passive tagging are dlscnssed in detail
by Zafiriou et al. (1973), Gruenfeld (1973), Lynch
and Brown (1973) Miller (1973), and Coakley
(1973)

PATHWAYS OF TRANSFER
AND FATES OF OIL INPUTS
TO THE MARINE ENVIRONMENT

A basrc understandmg ;of the'various pathways
of transfer and fate of oil inputs has been arrived at
from laberatory studies, field, studies, and the appli-
cation of existing scientific knowledge of processes

-in- the-marine environment. "These pathways rand

fates are diagrammed in-Fig: 2. Fundamental ques-
tions which are yeét to be satlsfactorﬂy answered
about transfer pathwavs and fates are: . °

e What portlons of: oik 1nputs follov» each of the
various pathways of transfer? - :

o What are'the rates of biochemical and ehermeal
degradation of whole-oil" and ‘ebmponents- of il
durlng the various stages of movement through the
mariné énvironment? ;

-+ “What are the finial rites of removal of 011 by
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Figure 2.—Fate of oil inputs.

DISSOLUTION

|

biochemical and chemical degradation, and by deep
burial in sediments?

Physical-Chemical Processes

Many of the processes which act on the oil result
in a fractionation of the oil and selective removal of
certain components from the marine environment
more rapidly than others. Lower molecular weight
components of the type found in kerosene, gasoline,
and in varying coneentrations of crude oils and fuel
oils will evaporate more rapidly than the heavier
molecular weight components such as those making
up the bulk of lubricating oils. The lower molecular
weight components are also more soluble than the
heavier molecular weight molecules. For ¢xamiplg,
several experiments (Boylan and Tripp, 1971;
Frankenfeld, 1973; API, 1974) have shown that
when No. 2 fuel oil is placed in contact with sea-
water, the aromatic hydrocarbons of the fuel oil are
dissolved or accommodated in the water to a gresater
extent than are the saturated hydrocarbon compo-
nents of the oil. .

The - adsorption of oil onto or into suspended
sediments and subsequent washing with water can
result in fractionation of the oil with some compo-
nents adhering more readily to the sediments than
others (Meyers, 1972). However, this may not
always oceur. Mixing of a No. 2 fuel oil with sedi-
ment by wave action and turbulence resulted .in
essentially intact oil being incorporated into sedi-
ments (Blumer et al., 1971b).

» Onee oil is mcorporated into sedlments it may be
transported to other areas by resuspension and trans-
port of the oil polluted sediment (Straughan and

Kolpack, 1971; NAS, 1973, 1974; Blumer et al.,
1970). Man also plays an important role in this
process by dumping oil polluted sediment from har-
bor dredging and sewage sludge in coastal areas
such as the New York Bight (Farrington, 1974).
The result of the natural or manmade processes is
to spread the oil polluted sediment and thus the
affected area increases even though dilution proc-
esses may ameliorate the effects somewhat.

Biodegradation of Oil |

Extensive research has been aimed towards a
better understanding of the biodegradation of oil
and individual classes of compounds, and individual
compounds found in oil (NAS, 1973, 1975; Davis,
1967; Zobell, 1969; Ahearn and Meyers, 1973). The
majority of these studies are laboratory studies.
There is little doubt that several species of miero-
organisms, e.g. bacteria and yeasts, will completely
degrade certain components of oil given the right
conditions in the laboratory or in the field. It has
been established that the rate of degradation will
depend on many factors such as the concentrations
of nitrate, phosphate, and dissolved oxygen in the
water, the presence of other organic compounds,
and the history of previous exposure of an area to
oil inputs.

Bacteria capable of partially degradlng oil have
been isolated from several locations in the world’s
oceans. However, the rate at which the degradation
of oil will proceed in the various types of coastal
areas is unknown. Also questioned is the potential
pathogenicity towards marine organisms for some
species of bacteria which might increase in number
near or in an oil spill area (NAS, 1974). Likewise,
little is known about the toxicity of thie chemicals
produced by microbial degradation of oil. In faet,
we have only rudimentary knowledge of the bio-
chemical pathways and products of the biochemical
degradation of oil (NAS, 1973, 1975; Davis, 1967
Zobell, 1969; Ahearn and Meyers, 1973) :

Qil in‘Marine Organisms:
Input, Retention, : :
Release, Metabolism . i

The pathways of oil incorporation into marine
organisms are outlined in the left portion of Figure 3.
Oil may enter marine organisms by ingestion of
contaminated food. OQil may also enter marine orga-
nisms from water across membrane surfaces such
as gills.
¢ Data cellected in three 1ndependent studles sug—
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1. COATING
A. DIRECT KILL
B. REDUCE RESISTANCE TO
OTHER ENVIRONMENTAL
STRESSES, e.g. TEMPERATURE,
DISEASES, OTHER POLLUTANTS

PARTICULATE OIL

SOLUBLE e 2. OIL INGESTED OR INCORPORATED
OIL ™7™ EMUSIFIED OIL ACROSS MEMBRANES, e.g. GILL
l | surraces
A. DIRECT KILL

DISSOLVED OR J B. SUBLETHAL EFFECTS
ACCOMODATED |, PLANKTON 1. REPRODUCTIVE FAILURE
INTO WATER 2. CHEMICAL COMMUNICATIONS

FAILURE
\ FISH
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>
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COMMERCIALLY VALUABLE SPECIES

1: TAINTING-ASTHETICALLY UNPLEASANT
2. HUMAN HEALTH HAZARD — POTENTIAL
HAZARD: LITTLE KNOWLEDGE

Ficure 3.—Pathways of oil inecorporation into marine life
and effects on marine life.

gest that oil incorporation into shellfish and fish is
reversible to some extent when the shellfish or fish
are placed in clean water for a period of time
(Stegeman and Teal, 1973; Lee et al., 1972 a, b;
Anderson, 1973). Most but not all, of the oil taken
up from water by the shellﬁsh was dlscharged within
weeks to months. Indications, however, from a lim-
ited number of analyses for one experiment reveal
that oysters exposed for two months to oil from an
oil spill did not appreciably reduce their oil pollut-
ant content even after 180 days in cleaner waters.
The fact that this experiment gave somewhat dif-
ferent results than the other experiments may be a
result of the heavy dosage of oil experienced by the
shellfish under spill conditions. ,
Fish tested in the laboratory partially metabolized
several different aromatic hydrocarbons of the type
found in crude and fuel oils (Lee et al., 1972b).
Mussels, however, did not metabolize these com-
pounds under similar laboratory test conditions.
(Lee et al., 1972a). This points to the obvious
danger of extrapolating from one class or species of
organism to others. Furthermore, caution should be
exercised in extrapolating from the few compounds
tested to other compounds in petroleum since dif-
ferences in the molecular structure of compounds
can have profound effects on the rates at which the
compounds are metabolized, if they are metabolized
at all.
The above studies provided several replicate tests
of the uptake of petroleum hydrocarbons from water
by marine organisms and the retention and release
once these organisms are placed in clean water.

Aside from the few measurements mentioned above
(Blumer, 1971), there are no studies of the retention
of petroleum hydrocarbons taken up under condi-
tions of massive inputs to the organisms’ habitat
by oil spills. There are also no studies on the uptake,
retention, and discharge of petroleum hydrocarbons
via ingestion with food. The studies cited above do
provide a good model for future studies of longer
duration which could test the effects of years of
exposure to chronic inputs of oil via uptake across
membrane surfaces from water or ingested with food.

An important question for which these studies
provide some insight is whether or not there is food
web magnification of oil pollutants. An example of
food web magnification is the process where oil pol-
lutants of X concentration in phytoplankton would
become 10X concentrated in the zooplankton which
eat the phytoplankton, and 100X concentrated in
the fish which eat the zooplankton. This process
would oceur if the zooplankton and fish, the higher
members of the food web, aceumulated all the pol-
lutant they ingested and did not metabolize or
discharge a portion of the pollutant. This process,
if operative, would mean that many commercially
valuable species of marine organisms which are
higher members of the food web may concentrate
petroleum pollutants to the extent that adverse
effects would ensue. There is also the question of
whether concentrations would reach a limit which
would adversely affect the human consumer. The
data collected in these and two other studies (Burns
and Teal, 1971, 1973) suggest that food web mag-
nification is not operative for some eommunities of
marine organisms.

Application of Existing Knowledge

BropeEGraDATION oF O INPUTS

Investigations of the feasibility of seeding oil
spills with bacteria shown to be capable of degrading
oil in the laboratory have been initiated (Miget,
R. J., 1973). This has been suggested as only a last
resort approach by the NAS -report (1974). The
benefits accrued from releasing an essentially un-
controlled chain of unknown events are far out-
weighed by the potential hazards at this time.

Applications of existing knowledge about biodeg-
radation of oil may find widespread use in the near
future. Biodegradation of oil in industrial effluent
holding ponds, tanker ballast waters either in tanks
on the ships or in holding facilities on shore may be
a feasible method of partially cleaning up this type
of input to the marine environment while it is still
concentrated at its source (NAS, 1974).
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ParawAys oF TRANSFER AND FaTh

It is known to some degree how oil pollutants
move through the marine environment and where
they tend to accumulate. This information facilitates
surveys of the extent and damage of the oil inputs
to the marine environment. It also provides input
to models which attempt to predict the movement
‘of oil spills and their severity and extent.

Another application. is in the evaluation of the
advantages and limitations of methods of treating
or cleaning up oil spills. For example, the use of
non-toxic emulsifiers (see later section on effects)
or dispersants on an oil spill would result in increased
dissolution of the oil and accommodation into the
water column, adsorption into particulate matter,
and incorporation into sediments. On the one hand
this might further the biodegradation of the oil by
inereasing mixing of oil, nutrients, oxygen, and nat-
urally occurring microbial populations capable of
degrading the oil. On the other hand, it would spread
oil throughout the water column and sediments,
potentially increasing the extent and severity of the
toxic effects on organisms. The incorporation of sig-
nificant quantities of the oil into sediments could
prolong the exposure of an area to the oil and have
an adverse effect on the bottom dwelling organisms.
Resuspension of the sediment and transport to other
areas would inerease the size of the affected area.

The use of sinking agents to remove the slick from
surface waters would also result in the incorporation
of the oil into sediments and thus may not be ad-
visable for the same reasons cited in the previous
paragraph. Of course, in cases where dangers from
fire or extensive damage from coating of boats or
beaches is the primary concern then the use of smk—
ing or dispersing agents would bé advisable.

The discussion in the preceding paragraphs under-
lines the point that prevention of accidental dis-
charges is preferable to cleanup operations. Like-
wise, it is clear that research and development .con-
cerned with physical contammatlon and cleanup of
oil spills should contmue '

Summary

Once oil is released to the marine environment it
is subjected to multiple processes and moves via
many pathways through the marine environment,
Research during the past few years has documented
beyond any doubt that the absence of a visible oil
slick in no way assures the absence of oil in the
underlying waters, sediments, or organisms. Further-
more, oil inecorporated into sediments may persist
for years (Blumer et al., 1970). Since sediments are

an integral component of their environment, this
same exposure may affect the adjacent marine -en-
vironment in varying degrees.

An additional 1mportant pomt to make regarding
oil pollution of marine organisms consumed by man
is that negative indications of oil pollution by taste
panel tests have occurred even when the shellfish
tested contained at least 2 ppm (wet weight) of oil

‘pollutants from a No. 2 fuel oil spill as determined

by chemical analysis (Blumer et al., 1971b). The
chemicals responsible for the adverse taste may be
metabolized or released more rapidly than the bulk
of the oil pollutants in the organisms. Therefore,
negative taste panel tests do not assure the absence
of oil pollutants. Furthermore, there has yet to be
a study to calibrate taste panel tests with seafood
containing known concentrations of oil.

Recommendation

It is essential that further research be conducted
on the transfer of oil pollutants into marine orga-
nisms, partitioning of the pollutants within the
organisms, - metabolism within the organisms, and
release or discharge of oil pollutants once the orga-
nisms are no longer exposed to the oil pollutants in
their habitat. This information is basic to under-
standing the. effects of oil pollution on marine
organisms, to understanding pathways of transfer
and fate of ail pollutants in the marine environment,
and to understanding if, when, and how oil pollutants
accumulate in seafood.

MEASUREMENT OF AND

CURRENT LEVELS OF OIL POLLUTION
IN THE UNITED STATES COASTAL ZONE
AND CONTINENTAL SHELF

Analysis of Marine Samples
to Detect Petroleum Pollution

Discussions of the procedures used and the prob-
lems encountered in analyzing marine samples for
quantities of oil not visible to the eye are given in
several references (NAS, 1973; NAS, 1974; API,
1969, 1971, 1973; Goldberg, 1972b'; Goldberg,
1972¢). The discussions are of a very technical
nature and are best summarized for a report of
this type as follows:

1) Several cases have been reported in which
petroleum hydrocarbons from accidental spills and
from chronic inputs have been detected.

2) No one method of analysis will provide reliable
estimates of the concentration of the entire range of
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‘petroleum compounds. Fuel cils and crude oils are
complex mixtures of compounds with wide molecu-
lar weight ranges. There has yet to be a complete
analysis of a single crude oil.

3) There are marked differences between hydro-
carbons biosynthesized by organisms and hydroear-
bons in petroleum. The latter are very much more
complex than the former and include a wide variety
of eompounds which have not been found in orga-
nisms in laboratory culture eéxperiments or in areas
where there is little or no petroleum pollution. How-
ever, many sources exist for small amounts of hydro-
-carbons in marine samples: biologieal processes, geo-
“chemical processes, pollution processes. Careful at-
tention to recognizing the possible inputs from these
sources is needed in order to detect man’s input of
petroleum pollutants. In areas where natural oil
seeps oecur, this problem is extremely difficulf.

4) Reports of the presence or absence of petroleum
pollution should be carefully evaluated to be certain
that the methods of chemical analysis employed
would indeed provide the information claimed to
have been obtained.

Present Concentrations of
Oil Pollutants in U.S. Coastal
and Continental Shelf Areas

There are a limited number of measurements of
oil pollutants in the water, sediment, and organisms
of the United States coastal zone. Only a few loca-
tions have been sampled more than once. In addition
to the lack of data, it is difficult to compare one
area with the other because of the differences in
methods of analysis and criteria for distinguishing
oil pollutant hydrocarbons from hydrocarbons pres-
ent due to biogenic or contemporary geochemical
processes. Despite these restrictions the data do
provide estimates of the present concentrations of
oil pollutants and are given in Table 3. These data
-are taken mainly from the NAS Report with elimi-
nation of the data for coastal areas of other countries
and for deep sea samples.

General ‘conclusions  which ean be drawn from
these-data and the data given in the NAS Report
from which they were summarized are as follows.

1) Oil pollutants have been detected in sediment,
water, and organisms in areas of large oil spills. -

2) Oil pollutants have also been detected in sedi-
ment, water, and organisms from areas where no
large spills have occurred in the past months or
vears. These areas are near sources of small spills
and chronic dribbling inputs.

3) No more than an estimated 300 analyses for
petroleum pollutants in sediment, water, and orga-

Table 3.—Concentrations of petroleum pollutants in water, sediments, é"nd
organisms of the coastal and continental shelf areas of the United States

Water: less than 2 ug/liter to 50 ug/liter

Sediments: less than 1ug/g dry weight to 3500 ug/g dry weight

Organ_isms: less than 1 ug/g wet weight to 230 ﬁg /g wet weight

Tar on Beaches: East Coast (1969)—5 g/meter to 8 g/meter

Florida, Miami Beach to West Palm Beach (1973)—avg of
5.4 g/meter

California (1961)—3 to 100 g/meter

NAS (1973, 1974), and references therein.

nism samples have been reported in the literature
to date exclusive of reports of visible sheens on
the water.

The fact that there are so few published measure-
ments of the extent and severity of oil pollution in
sediments and organisms in United States coastal
waters probably testifies to the difficulty of making
analytical measurements to detect petroleum pollu-
tion. (Goldberg, 1972&).

EFFECTS OF OIL '
ON THE MARINE ENVIRONMENT

Aesthetic Effects

The coating of beaches, shorelines, and recrea-
tional and commercial boats and ships by spilled
oil is an obvious adverse effect. This represents a
financial loss to boat owners and to the recreational
and aesthetic value of a shoreline (NAS 1974;
Butler et al., 1973). '

Biological Effects

Toxic Erreers

Toxic effects involving 'the death of the organism
exposed to oil may oceur soon after exposure to the
oil slick or to oil components transported through
the water or via sediments as indicated in Figures
2 and 3 and previous discussions. Toxic effects may
also occur at later dates as the coneentrations of oil
in the organisms increase or the oil is transported
to'new areas. - '

Toxic effects generally can be divided into two
categories: effects from smothering in the oil, or
effects from oil taken into the organisms or absorbed
into the organisms from water or sediments. Toxic
effects have been reported for spilled oil and from
studies in the laboratory (NAS; 1974).
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‘SUBLETHAL AND CHRONIC EFFECTS ON ORGAN]’.SMS

These effeets do not d1rectly result in the immedi-
ate death of the organism exposed to oil. There dre
numerous ways that oil can have an adverse effect
on marine life without the result being immediately
apparent in the form of dead plants$ or animals. The
types of effects in this categery which have been
observed or suspected as being important for indi-
vidual organisms are effects on:

Reproduction

Fertilization and development

Growth

Metabolism—photosynthesis and respiration
Behavior . :
Cells and organs

Some spec1ﬁc examples of the above are given
below. A more detailed presentamon is given in the
NAS Report (1974).

1) The reduction in the intake a,nd metabohsm
of phytoplankton detritus by mussels (Gilfillan,
1973)—an effect on metabolism.

2) Reduction in the rates of photosynthesis of
phytoplankton cultures (Kauss €t al., 1973 ; Parker,
1974). This is-an interferenceé with the process by
which carbon dioxide is converted to food for the
major part of marine life—an effect on-metabolism.

3) Interference with the chemical communication
between marine animals. Many marine animals com-
municate with one another via chemicals given off
to the water, i.e. odors. Some predators are attracted
to their prey by smell. One study has shown a-sig-
nificant adverse effect on the finding of food by a
predator (Jacobson and Boylan, 1973).

Chemical communications or chemotaxis are also
important to the reproduction of some animals.
Male lobsters are attracted to ferndle lobsters-for
reproductive purposes by a chemical released by the
female. Low coneentrations of chemicals resulting
from oil in the water may interfere with this process.

A third area where chemical communications is
important is in the area.of migration to home rivers
by anadromous fish for the purpose of spawning.
One laboratory study has shown that oil in seawater
repels salmon from entering the water of thelr home

“stream (Rice, 1973).

" The significance of these studies is- that they
demonstrate the potential effects that low concen-
- trations of oil in ‘water might have if a spill or
~chronic release occurred at the time of year when
marine animals were entering the reproduetive
‘phase.  The effects on predator-prey interactions
would -be impertant throughout the year. These
are effects on behavior which result in adverse

effects in other functions such as reproduction and
metabolism. - .

4) Blue mussels Whmh were Juvemles in the area
of the West Falmouth oil spill at the time of the
spill developed almost no eggs or sperm the next
season - (Blumer et al., 1971a). The development of

sand dollar eggs has also been shown to be adversely

affected by oil in the laboratory studies (Parker

1974)—effects on reproduction.

5) Effectsat the cellular and organ level in clams
have been reported. Soft shell clams from an area
near an. oil spill had a higher incidence of gonadal
tumors than soft shell clams from a control area
(LaRoche, 1973)—effects on cells and organs and
probably on reproduction.

"ErFecrs. oN THE COMMUNITIES

oF MARINE ORGANISMS

Closely related communities of organisms may
also be profoundly affected. For example, effects
on marsh grasses may cause the marsh to be an
unsuitable place for the crabs and mussels which
live in the marsh. Effects on worms in the sediments
can affect the fish which feed on the worms. Many
worms also play an important part in sedimerfit
stability. Their tubes contribute to holding the sedi-
ment in place. If the worms are killed and the tubes
decay -the sedimeént may be easily eroded and the
polluted sediment transported to other areas. The

-movement of the sediment will disturb other orga-

nisms living on the bottom even though they Imght

not have been dlrectly affected by the oil.

O11, SPILLS

One of the most heated controversies regarding
oil pollution is that surrounding studies of the bio-
logical effects of oil inputs -to the marine environ-
ment.- The eontroversy is due in part to a seeming
contradiction of the reported effects or lack of effects
when comparing studies of oil spills. The -contra-
diction -arises when one does not -carefully read
reports ‘and take into account two basic: sets of
factors for oil spill studies. -
~ The first set of factors pertains to the oil spill
itself. These factors were set forth by:Straughan
(1972) .and have recently been restated (NAS,
1974). They vary from spill to spill and influence
the effect: and fate:of the spllled oil. They are:

Type of oil spllled
Dose of oil in a given.area -
Physiography of the area of the spill
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Weather conditions at the time of the spill

Biota of the area of the spill

Previous exposure of the area to oil pollution

Exposure to other pollutants

Treatment of spill, e.g. use of emulsifiers, dis-
persants, or sinking agents

A second set of factors influencing oil spill stud-
ies are: ‘

1) A spill is not predictable as to its location and
time. In the past, studies of spills have been of the
nature of getting out into the area with the best
available means at hand and studying what could
be studied within the expertise of the scientists in-
volved. In an ideal situation this would involve
biologists, chemists, geochemists, geologists, meteor-
ologists, and physical oceanographers. Such a team
of scientists is rarely sitting around waiting for an
oil spill to happen and as such it is diffieult for
them to drop everything they are doing and head
out for the field or immediately begin laboratory
studies.

2) The different methods used to study oil spills,
the different animals or plants studied, and differ-
ences in the duration of the study vary from one
spill to the next. Thus, the task of trying to com-
pare studies from one spill to the next is a frustrating
one somewhat akin to comparing measurements of
distance in kilometers to measurements of distance
in miles without having more than a foggy idea of
the conversion factor.

The oil spill studies to date have shown that
spilled oil does adversely affect some marine orga-
nisms (NAS, 1973, 1974). The effects vary in
severity and duration. Complete recovery may take
years and is not related to whether or not there are
visible concentrations of oil present.

LABORATORY STUDIES
oF BiovocicaL ErrecTs

A comparison of laboratory studies of the effects
of oil on marine organisms suffers from many of the
same restrietions cited in the above seetion on oil
spills. A variety of oils have been tested on a variety
of marine organisms under a variety of laboratory
conditions.

However, several studies have been conducted
under conditions similar enough or conducted in the
same laboratory so- that the following comments

can be set forth (NAS, 1973, 1974). The studies

have shown, as one might expect, that concentrations
of oil at which biological effects occur can vary from
fuel oil to fuel oil and crude oil to crude oil when
tested against one species. The studies have also
shown that different species and adults and juveniles
of the same species vary in their susceptibility to
toxic effects when tested against the same oil.

ErrecTs oF OFFSHORE
DritniNg AND PropUucTION

The question of the long-term effects of offshore
drilling and production on fisheries is one which has
no easy answer, Certainly, the fisheries in the Gulf
of Mexico have not been destroyed and. are a viable
sector of the economy. This experience suggests at
first glance that no long-term effects have been
noticed. However, for the sake of argument I pro-
pose the following scenario: Prior to offshore produc-
tion in the Gulf of Mexico the fisheries there were
at a very low level of productivity due to natural
causes. During the past 30 years or so the fishery
would have incresdsed in productivity potential by a
factor of 10. However, because of some unknown
and undetected effect of the oil production the
fishery only increased in yield by a factor of 2. This
factor of 2 suggests by itself that the oil production
had no long-term effect and may have been some-
what beneficial. However, we cannot state for cer-
tain that there was no effect, sinee in reality we do
not know what the fishery potential would have
been without the oil production. The hypothetical
factor of 10 which was used for the sake of the argu-
ment might have been realized without the presence
of the offshore drilling and production activities.
Likewise, it may be argued on a hypothetical basis
that without the offshore drilling and production
rigs the fishery may have declined due to natural
causes. Without knowledge of natural fluctuations
in fisheries it is impossible to conclude whether or
not offshore production adversely affects fisheries.

Several other factors suggest caution when using
the Gulf of Mexico fisheries as an example for
advocacy of drilling and production in other areas.
The oil produced may have a much greater effect
per unit weight than the oil produced in the Gulf
of Mexico. The fisheries may be of a different type
and dependent-on species much more suseeptible to
the effects of oil. The combined effects of oil and a
different environment may be more severe.

It is certain that pipelines coming onshore and
support facilities on shore can have a severe effect
on coastal areas if not properly managed (St. Amant,
1972).
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more spéctacular. It is known that offshore drilling
and production discharges only a small fraction of
the total oil input to the marine environment. It is
also known that the major input of oil to the marine
environment is the result of the chronie dribbling
losses which accompany present methods of uging oil.

Pathways of Transfer
and Fates of Oil Inputs
to the Marine Environment

It has been demonstrated once' again that the
cliche “out of sight, out of mind” should not apply
to environmental problems. The disappearance of
an oil slick does not mean that the oil has dis-
appeared from the marine environment. Oil inputs
move by a variety of pathways through the marine
environment and are affected by many processes.
The ultimate fates of oil dischiarged to the marine
environment are chemical or biochemical dégrada-
tion, and/or burial at depth'in sediments. Our
knowledge is mostly of the qualitative nature of
these movements and processes. Extensive quanti-
tative estimates of rates of movement and rates or
processes affecting oil inputs are still lacking.

Effects of Qil
on the Marine Enwronment

The known or suspected effects are diagrammed
in Fig. 3. The aesthetic effects are obvious. The
immediate toxic effects are also apparent from stud-
ies of accidental oil spills. Subtle long-range chronic
and sublethal effects are known in-a few cases.and
suspected in many others. Effects can be at the
level of cells and organs, whole organisms, or com-
munities of organisms.

The chronic long-term effects of offshore dr1111ng
and production are largely guessed at or suspected.
The long-term environmental hazards or the long-
term safety of offshore drilling and produetion are
both unproven.

Human health hazards resulting from eating 011
contaminated seafood are suspected but not yet
proven. s

APPLICATIONS OF
CUR PRESENT KNOWLEDGE

1) It appears that the major sources of oil input
to the marine environment have been defined. It is
clear that the only hope of a significant reduction
in the major oil input to the marine environment
in the immediate future is a reduction in the total

consumption of oil. Since this does not seem likely,
programs to reduce the dribbling of oil into the
marine environment shotild be instituted. Reuse or
re-refining. of waste oils is an example of a program
which would help to reduce inputs and conserve a
valuable resource. '

2) A reduction in ship accidents mlght be accom-
plished by better traffic and safety regulations. Re-
duetion in the amount of oil spilled in an accident
might be accomplished by the construction of false
bottom tankers. The use of the false bottoms as
segregated ballast tanks would: also reduce . the
amount of -o0il entering the marine environment
from tanker ballasting operations. A detailed discus-
sion of this subject ig given in the Final Environmen-
tal Impact Statement, Maritime Administration
Tanker Construction Program (NTIS, 1973).

3) Offshore drilling and production with its at-
tendant risks appears to bé safer in the long run
for the marine environment as 4 whole than import-
ing an equal quantity of oil. This argument assumes
that the- il produced offshore is piped ashore and
not transported elsewhere.

- If we assume that we will continue to consume
oil and even inerease consumption, then we should
proceed with offshore drilling and. production as

soon as the problems with coastal land use plans,

Jurlsdlctlon over offshore operations, and socio-
economic problems are resolyed. ‘

The arguments about the long-term- effects. of
offshore drilling and production involve such large
segments of the marine environment that satisfac-
tory answers will only be obtained.by conducting
the experiment. That is, conduct the offshore drilling
and production in such a manner as to ensure close
monitoring and control. Given close monitoring and
accompanying research in the laboratory and the
field there is a good chance of averting an ecological
catastrophe before it oceurs. This does not mean

that all adverse effects will be detected, but rather

that .any effects which escape the monitoring and
control processes will be small and acceptable in
return for the benefit of the oil resource utilization.

It should be emphasized the sacrifice of the long-
term potential productivity of the offshore fisheries
resource is not advocated. In fact, this would be a
primary consideration of any research and monitor-
ing program.

4) The knowledge of pathways of transfer and
fate of oil inputs is sufficient to provide an evaluation

- of some methods of combating oil slicks. In addition,
--the movement of oil slicks and- oil in the marine

environment is sufficiently documented to be of
some use in making first approximation models of
the:-fate of oil spills (MIT, 1973).
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ErrecTs oF REFINERY EFFLUENTS
AND O DISCHARGED

IN EFFLUENTS FROM

MUNICIPAL AND STORM SEWERS

Investigations of the effects of oil refinery efflu-
ents have shown that release of effluents in sheltered
tidal waters killed nearby marsh plants (Baker,
1971). Refinery efluents released to waters exposed
to rapid flushing characteristies had little noticeable
effect (Baker, 1973). However, only a few segments
of the community of marine life were investigated.

No studies of the effects of oil discharged by
sewage and storm-sewer effluents have been con-
ducted. It would be difficult to unravel the effects
of the oil from the effects of the other chemicals in
these effluents.

SYNERGISTIC EEFROTS

There is concern that oil pollutants and other
pollutants such as PCBs will act in concert such
that their combined effects are more severe than
predicted from the sum of their effects when acting
individually. No reports of such studies have been
published to date.

Human Health Considerations

The most significant potential human health haz-
ard is the consumption of seafood contaminated
with oil. There are at present no standards for decid-
ing if a particular concentration of oil in seafood
represents a human health hazard.

A very emotional controversy centers around the
carcinogenic potential of oil contamination of seafood
(Anon., 1974). The NAS Report (1974) states—
“That the amount of one careinogen, benzopyrene,
entering the oceans from oil is small compared to
the amount released into the total global environ-
ment from other sources.” The report further states
“Our knowledge of the properties of all the constitu-
ents of petroleum is not complete and: therefore
there might be some dangerous materials present
in petrcleum that are still unidentified.”

The manner in which the NAS report (1974) ap-
proached the problem of carcinogens in-seafood could
be misleading to the public and decision makers. The
report places emphasis on the point that the con-
sumption of oil contaminated seafood by the average
consumer would expose the consumer to a very small
amount of carcinogens relative to the amount he
is exposed to from other sources such as air pollu-
tion. T submit that the problem of consumption of
carcinogens in oil contaminated seafood should be

treated and explained as the problem of radionuclides
in seafood is treated and explained. Average inputs
or average consumptions should not be used. Rather,
care must be taken to ensure that all segments of
the population are protected (Bowen, 1974).

An acceptable level for oil in seafood should not
be set simply because the average New York resident
is exposed to 200 times or more carcinogens from
other sources. Rather, the acceptable risk level, if
there is one, should take into account the Maine
shellfisherman who eats far more shellfish and may
be exposed to far less carcinogen input from other
sources.

Summary

Documented studies of the effects of oil on marine
organisms are limited in number. The data available
show that different oils have different degrees of
effects on organisms. Effects range from immediate
lethality to subtle long-range effects. The effects of
a single oil vary from species to species and within
a species vary from adult to juvenile.

Our knowledge of the subtle sublethal and chronic
effects of oil is severely limited. Data from a few
studies provide a basis for concern. Certainly, fur-
ther studies are warranted based on the data col-
lected on these problems.

It is impossible to decide at present whether or
not offshore fisheries suffer long-term adverse effects
from offshore drilling and production. The data
needed is not available and will be extremely difficult
to obtain.

SUMMARY OF MAJOR AREAS
OF PROGRESS TO DATE

The last five years have provided significant over-
all advancement in our knowledge of the input, fate,
and effects of oil in coastal and continental shelf
areas. There has also been a significant increase in
the awareness of oil pollution in the public, gov-
ernmental, and industry sectors. New laws and
regulations have resulted as well as research and de-
velopment of new technology to reduce oil pollution.

Inputs

Our knowledge of the sources of oil entering the
marine environment is now at the stage where we
can estimate their relative importance and begin
studies to better quantify the inputs. It is known
that accidental inputs are a small fraction of the
total input even though accidental spills are much
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5) We have a fair understanding of the immediate
toxic effects of oil. We also have a suspicion and in
some cases rudimentary knowledge of the subtle
sublethal and long-term chronic effects of oil on
marine life. The foundation has been laid for future
studies to detail the concentration levels and envi-
ronmental conditions at which oil will affect marine
life. ‘

6) It is known that seafood consumed by man
can be contaminated by oil. This should stimulate
research to set acceptable levels for human consump-
tion. In this regard, it is essential that the worse
possible case be considered for the consumption of
oil-contaminated seafood. The experience in protect-
ing seafood consumers from radionuclides should be
used as a guide (Bowen, 1974). Use of an average
rate of consumption of oil contaminated seafood to
arrive at a decision whether there is a serious public
health hazard may expose a segment of the popula-
tion to unwarranted risk.

RESEARCH AND MONITORING NEEDS

Any study of marine environmental quality prob-
lems is based on current knowledge of biological,
physical, chemical, and geological processes in the
marine environment. Continued and increased fund-
ing of research towards understanding these basic
processes in the marine environment is absolutely
essential for short-term and long-term protection
and upgrading of marine environmental quality.

Research into general aspects of oil pollution
problems or in specific areas should be conducted
in a manner which is scientifically sound and flexible
enough to pursue interesting and relevant problems
as they develop. Available funds should be primarily
funneled to scientists via research grants. This
mechanism is preferable to the Request for Proposal
(RFP) route which seéms to be gaining favor in
government environmental research management.
Research grants written by scientists and reviewed
by their peers have a better chance of producing
useful scientific information than the RFPs issued
in the field of oil pollution research. :

More extensive measurement of the extent and
severity of oil pollution in United States waters is
needed. Measurements should be made in a manner
which will provide answers as to pathways of trans-
fer, rates of transfer, processes of transfer, and fates
of oil inputs in the marine environment.

Measurements in areas of offshore production, oil
ports, and refinery locations as well as control areas
remote - from these locations are needed to detail
man-induced and natural fluctuations. Monitoring
should make use of sample archiving as a means: of

reducing costs. Samples would be collected from
several locations within study areas and control
areas. However, only samples from key representa-
tive locations would be analyzed to determine if
adverse effects and/or increased petroleum contam-
ination were present. If such inecreases or effects
were detected, then the entire sample set for that
season or year could be removed from archives and
analyzed to determine the geographical extent and
severity of the effect or increase.

Cost of Oil Pollution Research

The sophisticated types of investigations which
are needed to understand the inputs, fates, and
effects of oil pollution in the marine environment
require substantial funds. For example, the costs
for collecting, analyzing and reporting data on the
level of petroleum pollutants in samples of water,
sediments, and organisms from four sampling sites
in an offshore production area and two control areas
would be about $180,000 per year if sampling were
conducted four times a year. If the costs of biological
analyses, geological and physical oceanographic stud-
ies are added and the total multiplied by monitoring
of three potential offshore drilling and production
locations on the Atlantie Continental Shelf, then
the cost would be about $2.5 million per year. These
estimates are based on current costs of obtaining
such data in research programs and may be re-
duced somewhat by econcentration of activities
and reduction in cost per analysis because of the
large volume of analyses needed.

SPECIFIC RECOMMENDATIONS
FOR RESEARCH AND MONITORING

Inputs

1) Reliable identification, quantification, and
monitoring of variability of inputs.

2) Development and application of better remote
monitoring capabilities.

Measurements

1) Development and/or application of reliable
methods for detecting and quantifying oil pollutants
in water, sediment, and organisms.

2) Application of these methods in conjunction

with investigations. of biological effects, transfer

processes, and fates of oil inputs. ‘
3) Wider geographical coverage and time series
measurements of oil pollutants in the marine envi-

.ronment,
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‘Transfer and Fates
of Oil Poliutants

1) Development of models for predicting move-
ment and fate of oil spills and chronic oil inputs.
This should be undertaken for harbor areas handling
large volumes of oil eargoes, offshore drilling and
production areas, oil storage areas, and pipeline
routes.

2) Research to better document the rates of bio-
degradation of oil in situ in the marine environment.
This includes research to identify pathways of me-~
tabolism or chemiecal reaction and the effects of the
products of these processes.

3) Research to better understand the uptake,
retention, metabolism and release of oil pollutants
from marine organisms. This includes further re-
search as to whether or not food web magnification
of oil pollutants is operative and, if so, when and
where.

4) Research to quantify the rates and processes
affecting movement of oil through the marine
environment.

Effects

1) Toxic effects measurements.

2) Long-term chronic, lethal, and sublethal effects
measurements both in the laboratory and in situ.

3) Research on human health aspects of oil pollu-
tion of seafood. Needs to be resolved as soon as
possible. This is a very emotional issue and one
which places federal, regional, state, and local health
authorities in a quandry. They have no guidelines to
use in deciding when to restrict or allow consumption.

4) All studies of effects should be accompanied by
reliable controls and quantitative measurements.

Oil Spill Studies

I have read several final or draft reports of oil
spill studies eonducted by contractors to the Envi-
ronmental Protection Agency. Most reports were of
limited value. The study teams were environmental
divisions of industrial eompanies or small environ-
mental eompanies. The teams did not have or obtain
the necessary expertise to conduct a very competent
study. This could be excused up to two years ago
because the areas of study and difficulty associated
with the oil spill studies were not widely known to
either contracting officers in the Environmental
Protection Agency nor to the regional study teams.
There is now no excuse for throwing away any
more money on studies of the quality of those
conducted in the past.

A mechanism for ensuring quality of oil spill
studies and at the same time involving ¢ompetent
scientists in oil spill studies is as follows.

Provide funding to a few key laboratories for
laboratory and field studies on the effect and fate
of new refinery discharges and offshore production.
This would ensure that a good solid nucleus of re-
search scientists and associated facilities would be
actively engaged in oil pollution research. When an
oil spill occurred which, in the judgement of the
Environmental Protection Agency project officers
and the research scientists, was of interest from the
point of view of gaining some knowledge about the
fate and effects of oil spills then a study team could
be formed by the expansion of the existing research
team.

This plan does away with the need for “instanta-
neous’ emergence of a research team at the time an
oil spill study is desirable.

Laboratory and Field Studies

The understanding of inputs, transfers, effects,
and fates of oil inputs which is needed for effective
management of oil inputs and protection of the
marine environment will only be obtained by both
laboratory and field "studies. For example, field
measurements will provide an estimate of the exist-
ing concentration levels of oil. Laboratory bioassays
can then proceed to determine if these have a long-
term effect. Conversely, laboratory studies can pro-
vide an estimate of the acceptable concentration
level of oil in the marine environment. Field studies
can establish how close the current concentration
levels are to the acceptable concentration lével and
project when closer control of inputs will be needed
in a given area. Furthermore, it is impossible to
reconstruct an entire natural ecosystem-in a labora-
tory. Field studies are essential to investigate effects
on large segments of ecosystems or entire ecosystems.
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CONSEQUENCES OF OIL POLLUTION
IN THE ESTUARINE ENVIRONMENT

OF THE GULF OF MEXICO. -
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ABSTRACT - . -~ ..

Incidences of oil pollution have been recorded for over 200 years, but only within the last 10 years

has public attention been focused on the problem. Initially, the concern wasfor the aesthetic and
acute effects; but attention has now been largely redirected towsard low-ievel -chronic effects,
especially those posing a human health hazard, Other areas of increasing-concern are the potential
synergistic action of o1l in conjunction with other pollutants and the long-term chronic effects of
oil on the ecosystem. Data available in the literature have served to identify the potential prob-
lems, but definition and resolution must await additional data. More emphasis must be placed
- oni. translating scientific- data into ‘information utilizable for making estuarine management

- _decisions. . .

INTRODUCTION

*+ The- estuaries, - unlike true-marine- or freshwater
habitats, continually vary in salinity, and chemical
composition and concentration (Christmas, 1973;
Odum, et al., 1974). It has been shown that these
factors influence the toxicity of oil (Gilfillan, 1973;
Tagatz, 1961). Further complicating an assessmient
of oil pollution on the estuarine ecosystem is the
fact that some biological species inhabit the estuary
only at certain times of the year (e.g., shrimp),
while other permanent inhabitants (e.g., oysters)
have different life stages present at different times
of the year. Coupling these characteristics with the
interaction of other pollutants, the complexity of
the problem is clearly illustrated.

While all estuarine areas are under constant threat
of damage from oil pollution, particularly in terms of
the acute effects caused by major disasters, the
estuarine areas of the gulf coast are uniquely sus-
ceptible to low-level, long-term, chronie pollution
because of the shallowness of the coastal waters and
the comparatively small tidal action. Considering
the fact that the gulf receives 60 percent of-the
drainage of the contiguous United States (Geraghty,
et al., 1973) and many years are required for recycl-
ing the waters of the gulf, the precarious position
of the gulf coast estuaries is evident.

Crude oil is not a chemical compound but consists
of thousands of chemiecally identifiable compounds
and no two crude oils have the same composition.
Fortunately, or unfortunately as the case may be, the
addition of an extremely small amount of oil to water
will cause a visible sheen. Fortunately, this char-

atteristic alone makes it é‘)‘{tferriely' easy to detect oil,

even to an unskilled observer, and it is interesting to
note that the Federal Sheen Regulation takes ad-
vantage of this characteristic. Unfortunately, there
are water-soluble constituents in crude oil, and it

‘has been shown that these compounds can have a

deleterious effect on some biological species {Gilfil-
lan, 1973; Nuzzi, 1973; Brocksen and Bailey, 1973;
Katz, 1973). Therefore, the lack of a visible sheen
does not insure that there is no damage to the ecosys-
tem resulting from oil pollution.

Ever since 1754 there have been reports on oil
pollution (Nelson-Smith, 1973). The Torrey Canyon
incident in 1967 served to focus worldwide attention
on the problem of oil pollution, and there has been
an almost overwhelming number of papers on oil
pollution since that time. While it has been major
oil spills as the Torrey Canyon and Santa Barbara
that have been responsible for the intense interest
in the impaet of oil pollution on the environment,
it is ironical to note that these major spills account
for only a fractional amount of the oil added to the
environment each year. By and large, the huge
quantities of oil that find their way into the estuaries
of the gulf coast have gone unnoticed by the public.
Only recently the public has been aroused to the
potential health hazards of low-level oil pollution.
For example, a 1973 report (Anonymous, 1973;
Hites and Biemann, 1972) on the presence of a
variety of organics (including some from oil) in the
Charles River must have caused some public con-
cern, particularly in view of the speculation on the
possibility of biological magnification of potentially
toxic compounds. Even more recently, press releases
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have resulted from the EPA report on the New
Orleans water supply, linking pollutants contained in
drinking water derived from the Mississippi River to
cancer (Anonymous, 1974a; Anonymous, 1974b).
Mercifully, the articles did not speculate on the po-
tential biological accumulation of these compounds
in seafood. This problem will be addressed in more
detail later in this report.

- The widely cireulated article by columnist Jack
Anderson emphasized the possible connection be-
tween oil pollution and the almost hysterieally feared
disease, cancer (Anderson, 1974). Tt is not the pur-
pose of this report to delve into the moral and/or
legal aspects of this disclosure (Seltzer, 1974), but
merely to illustrate vividly one of the major areas in
need of immediate scientific research. In the eyes of
many people, the fouling of beaches and the death of
large numbers of birds after a major oil spill shrink
to insignificance in comparison to the threat of in-
gesting cancer-causing compounds in seafood or
drinking water.

Ecological disaster is ecological disaster, no more,
no less. The causative agent is inconsequential in
this respect, and pesticides and mercury already have
been brought to the public attention. Oil now is being
emphasized as the perpetrator of ecological doom.
The facts of the case are that the fundamental prin-
ciples of nature which govern the behavioral, phys-
iological and genetic phenomena are the same ir-
regpective of the toxicant involved. The problem
really becomes more one of quantitation and stody
of the causative agent rather than one of identifying
and studying some strange new biologieal principles.
Admittedly, there are some differences in specifics,
but by utilizing existing knowledge, the cost and
time required to obtain the data necessary for mak-
ing estuarine management decisions can be signifi-
cantly reduced.

There are many facets to the problems of oil pol-
lution in the estuarine environment which will not
be addressed in this report. The quantities and
sources of oil input and its fate in the environment is
the subject of another paper for this report. Methods
of treating oil wastes, cleanup procedures after acei-
dental spills and the impact of oil dulhng and pro-
duction operations are not considered in this report.

The purpose of this report is to (1) comment on
the usefulness of available information on 6il pollu-
tion from a standpoint of estuarine management; {2)
highlight some of the developing atreds of concern;
and (3) make concrete recommendatlons concerning
future research needs.

VALUE OF CURRENT INFORMATION
FOR ESTUARINE MANAGEMENT

From a standpoint of the acute effects of oil, there
are numerous reports on laboratory studies and field
investigations of accidental spills (Blackman, 1973;
Cimberg, et al., 1973; Chan, 1973; Straughan and
Abbott, 1970; Holme, 1969; Holmes, 1969; Mackin,
1973; Jones, et al., 1969; Stebbings, 1970; Anony-
mous, 1956; Spooner, 1969; Straughan, 1969; Burns
and Teal, 1971; Valéry, 1968; North, 1967; Mackin
and Sparks, 1962; Hay, 1974; Battelle Memorial
Institute, 1967; Blumer, et al., 1970). These accounts
hiave documented the fact that crudeé oils and petro-
leum products will kill a wide variety of biological
species. While these data may be helpful in deter-
mining or predicting the extent of damage to a given
area, the amounts of oil required to produce acute
effects are sufficiently large that they are completely
unacceptable from an aesthetic standpoint alone.
Obvjously then the information is of little value in
formulating water quality criteria, effluent stand-
ards, and so forth.

The evidence is mounting that even, very low levels
of oil can cause a myriad of long—range, chronic
effects and may even pose a serious human health
hazard (Blumer, 1969; Tarzwell, 1970; Nelson-
Smith, 1970). This has caused a considerable amount
of concern in the public sector.

Laboratory studies are generally carried out under
controlled conditions and are useful in identifying
and defining potential problems. The data from this
type of investigation also are valuable in designing
field experiments, but it is hazardous to project
laboratory findings into usable information from a
decision-making standpoint. In the case of oil pollu-~
tion, laboratory studies have identified a multiplicity
of Eroblems that may oceur in the estuaries but have
not completely defined these problems.

Data from field investigations on the long-range
effects from oil spills are of very limited value for a
variety of reasons, including: (1) the lack of ad-
equate ecological baseline data for the area; (2) the
impact of cleanup operations; (3) the lack of estab-
lished control areas required for comparative pur-
poses; (4) the inability to deploy sufficiently large
teams of competent experts within the required time
frame; and (5) the nonuniformity of methodology
and techniques employed by investigators. As a re-
sult’ of these defects, there is an understandable
difference of opinion among investigators as to
the long-range effects from these oil spills. While
differences of opinion are healthy and are to be
expected, In some cases existing data are manipu-
lated to prove a given position on the damage caused
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by oil pollution rather than objectively interpreting
the data as it exists (Mackin, 1973). Surely, many of
these seemingly conflicting points of view will be
resolved in the foreseeable future.

To date the available data have offered very little
information of direct value in making estuarine
management decisions, but have identified some of
the areas of developing concern. Following is a brief
summary of the information available in four of the
more important areas of concern; :

Potentially Carcinogenic
Compourds in Oil

The potential health hazard that could arise from
the biological magnification of carcinogenic com-
pounds from oil bas been mefitioned previously.
Highlights from the. scientific literature will help to
put the problem in better perspective and serve to
illustrate some of the compleéxities involved. In the
first place there are reports relating constituents of
oil to cancers in a number of fish species (Battelle
Memorial Institute, 1967; Tarzwell, 1970). Addition-
ally, there are reports that potentially carcinogenic
hydrocarbons are widespread in the marine environ-
ment, even in plants and animals taken from areas
considerably distant from any known oil pollution
(Nelson-Smith, 1973; ZoBell, 1971; Newman and
Olson, 1974) . This raises the question as to the sgurce
of the ecompounds involved, and it has been pointed

out that many carcinogenic hydrocarbons are pro-

duced by various species of bacteria, algae and higher
plants (ZoBell, 1971; Borneff, et al., 1968). Labora~
tory studies have demonstrated that microorganisms
are capable of degrading these carcinogenic com-
pounds (ZoBell, 1971).

The fundamental principle of preferential utiliza-
tion of nutrients by bacteria is well established; and
it has been shown that this occurs in the case of oil
(Phillips, 1972); furthermore, many of the most
resistant compounds pose the greatest potential
health hazard. Therefore, the basic issue involved is
what really happens in the environment. The re-
ports on the persistence of many of these carcinogenic
compounds tend to support the view that their
biodegradation in nature is a slow process.

Bioaccumulation of many pesticides, particularly
the chlorinated hydrocarbons, has received con-
siderable attention by the scientific comrhunity.
There is reason to believe that the same phenomenon
would be observed with components of oil, and, in-
deed, there are reports to this effect (Nelson-Smith,
1973; ZoBell, 1971) .-

Differences of opinion exist in ‘the scientific' com-

munity on the possible links between oil pollution
and cancer. There is agreement that considerably
more research is needed before a true assessment can
be made.

These problems are particularly germane to the
gulf coast for reasons cited earlier: the continual in-
put of large volumes of pollutants, the long residence
time, and the utilization of seafood resources from
this region.

To date, the data available only have served to
identify this most important problem, but have not
made available the kinds of information required for
making estuarine management decisions.

Qil as a Concentrator
of Other Toxicants

Potentially, the role of oil as a concentrator of
other toxic materials may outweigh its other effects
in terms of contributing to the human health prob-
lem. For example, one study has shown that the
concentration of mercury in oil was 4,000 and 300,000
times greater than it was in sediments and water,
respectively, taken from the same area (Walker
and Colwell, 1974). Further, increased oil content
of -sediment samples was associated with increases
in zine, chromium, lead, copper, nickel, cadmium,
and mercury (Walker and Colwell, 1974).

The problem of biological magnification of pesti-
cides and its potential significance to the health of
the ecosystem and to human health has already been
mentioned. In this respect, a recent report on the
action of oil slicks as concentrators adds a new di-
mension to ‘the impact of oil on the ecosystem.
Aldrin, dieldrin, DDT, and possibly lindane, hep-
tachlor expoxide, and chlordane were identified from
samples taken from surface slicks, but were not in
detectable amounts in the seawater samples from
the same area (Seba and Corcoran, 1969).

The implications of the concentrating character-
isties of oil for both toxic heavy metals and pesticides
are obvious.

Effect of Environmental Factors
on Qil Pollution

It is a well established fact that the physical,
chemical, and biological structure of a system has a
significant effect on the action of a given toxicant—
oil is no exception. For example, the toxicity of il
increases as the oxygen concentration (Battelle
Memotial Institute, 1967; Kontogiannis and Barnett,
1973) or salinity (Rice, 1973) decreases.

The point to be made here is that there is an ur-
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gent need to understand the actlon of 011 afider

different environmental condmon%, since’ the facts
indicate clearly that while a given level of oil may be
ecologically tolerable under one set of circumstances,
it could be disastrous under other conditions.

Long-term Impact of
Oll on the Ecosystem

" From the literature, a multlphmty of responses to
oil would be expected and have, indeed, been re-
ported. Such things as diminishing growth rates in
phytoplankton (Mommaerts-Billiet, 1973), phys-
iological stress and degeneration of gill tissue and
muecle in ‘oysters (Clark, et al., 1974), changing
resplratorv rates in salmon and strlped bass (Brock-
sen and Bailey, 1973), dnd altering behavioral pat-
terns (Rice, 1973; Ecological Research Series, 1973;
Boylan and Trlpp, 1971) are but a few of the vast
array of oil pollution effects.

To ‘gain some concept of the potentially cata-
s’crophlc effects of oil pollution on the ecosystem,
it is necessary only to draw an analogy to the work
on pesticides.

1) Gross changes are not reqmred to bring about
untimely extinction of a species.

2) A slight lowering of the primary produc’mnty
by reducing photosynthetic capability would reduce
dramatically the productivity of the entire ocean,

3) Changes in migratory habits, feeding areas, or
spawning grounds would jeopardize the current ﬁshmg
industry.

4) Slight changes in reproductlon ritual could up—
set the balance of the ecosystem.

All blology is geared to survival of the species 4nd
is reflected in a buildup of resistance to pollutants or
other adverse conditions that may well exact penal-
ties in other species—including man. For example, it
has been shown that mosquitofish that have acquired

a resistance to insecticides will accumulate these

compounds to such high levels that they are fatal
to higher members of the food cham (e.g., bu‘ds and
snakes) (Felguson, 1967)

RECOMMENDATIONS" FOR THE FUTURE

When one considers the fantastic complexities of
the estuarine ecosystem with its highly complicated
interactions, the literally thousands of edmpounds
present in crude’ oil, the impact of environmental
conditions on the effects of oil on' the system, the
multiplicity of reSponses ‘elicited from the presence
of ‘oil on the various orgamsms and the impact of

other pollutants on the whole  situation, it would
appear that a complete understanding of the impact
of oil on the estuarine environment is 1mposs1ble both
seientifically and economiecally.

The immensity of the overall problem makes 1t ev-
ident that a eonsiderable effort must be put forthin
establishing the areas of priority and coordinating:
individual research. Otherwise, as past experiehce
has ‘demonstrated, there will be a proliferation of
small -programs resulting in information  that is
difficult; if not impossible, 10 use effectively for
managing the estuaries. The urgency of the s1tuatmn
cannot be overemphasized. - .

In terms of priorities, emphasis should: be placed
on gaining a better understanding of the long-term
chronice effects of oil pollution rather than studying
the acute effects resulting from major accidents. As
indicated earlier, the acute effects are obvious and,
by definition, *are iof a short' duration, while the:
long-termi chronic " effects may remain for many
years and may not manifest” themselves-until -ir-
reparable damage to the area has been -done. More:
specifically, the following problem areas are in
urgent need of extensive research, conduected in such
a fashion :that the ‘data are utilizable for making
estuarine management decisions directed. toward
maintaining .our estuaries in a healthy viable state.

Areas of Research

1) Problems dwectly related to. human health (par—'
ticularly cancer). Projects in this' category should
generate data ‘on the fate of carcinogens from oil in
the environment, assess the role 6f oil in contributing
carcinogens to the environment, establish the likely
pathways of biological m'agniﬁcation 0 seafoods for
human consumption, establish standards in regard
to’ maximum levels allowable in the environments
from ‘which' human seafoods are harvestéd, and
establish methods ‘and standards for allowable con-
centrations of various constituents in seafoods for
human consumption. A minor effort also should be
put forth to examine ways of reclaimihg polluted
areas and to develop additional miethods of pre-
venting pollution in regard to the careinogéens in oil.

2. Oil as a concenirator of other toxic pollutants.
With the widespread presence of many kinds of
agricultural (pesticides) and industrial (heavy mét<
als) pollutants already present in the environmeért,
knotledge of ‘the interaction of these miaterials with
oil is"of vital concern. Numeréus laboratory studies-
have beén conducted on the impact of various pol-
lutants on a wide array of biological specimens but;
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essentially, no studies have been made on these
materials in the presence of oil.

The specific questions to be answered are: ( 1)
Does oil concentrate these other pollutants from the
environment, and (2) Does oil enhance the uptake of
other pollutants by the biota. The major thrust
should be investigations in the field and/or in pilot
plant systems as described below. To a lesser degree,
some laboratory investigations should be conducted
to determine if oil and these other pollutants act
independently, synergistically, or antagonistically.

A closer coordination with other research programs
could decrease substantially the cost of these studies
by a merging of efforts.

3. Long-term chronic effects of oil on the ecosystem.
The list of problems in this eategory is rather long
and priorities vary eonsiderably from investigator to
investigator. Emphasis should be placed on the more
long-lasting, potentially disrupting influences that
may last for generations, rather than the shorter-
term effects for which there is evidence of quick
recovery and which are thus concerned primarily
with a single generation.

Furthermore, the data should be generated in such
a form as to be useful in estuarine management de-
cisions and, as a general rule, should include both
laboratory and field experimentation. Some of the
more important questions needing attention are:
(1) Does oil cause any genetic changes; (2) Does
oil alter reproductive processes; (3) Does oil increase
susceptibility to disease or increase the virulence
and/or numbers of pathogens; and (4) Does oil
interfere significantly with vital behavioral char-
acteristics. Of necessity, most of these studies will
requlre multi-year efforts.

It is probable that much valuable mformamon.

could be obtained by the long-term momtorlng of the
environment after a catastrophic spill. It is highly
important that an immediate post-spill evaluation
be made by a coordinated team of comipetent sci-
entists; this evaluation could serve as a yardstick
both for immediate effect and for long-term recovery.

4, Effect of environmental conditions on oil toxicity.
Because of the constantly changing conditions in the
estuary, information concerned with the impact of
these various parameters on 0il pollution is required
in order to manage the estuaries effectively. The
effects of salinity and temperatures are but two of the
parameters that can change significantly the im-
pact of oil on the ecosystem. The major value of this
information is in determining the time and condi-
tions wherein the estuaries are most vulnerable to
oil; it will be useful in establishing operational pro-
cedures within the estuaries.

Types of Research
Efforts Required

1

To formulate effectively the overall kind of pro-
gram required to meet the needs, three general
types of investigations are needed.

1. Laboratory investigations. Many of the problems
can be handled effectively by individual researchers
working in individual laboratories, but there should
be some overall coordination of the specific objec-
tives to be accomplished, though not necessarily the
procedures to be employed. In other words, these
problems could best be answered by a grant type
program, where the emphasis is on the creativity and
expertise of the individual sclentlst These results
will serve as vital inputs to larger programs con-
ducted under more natural conditions. Their value
cannot be minimized in terms of their contribution
to the effective long-range management of the estu-
aries. '

2, Pilot plant investigaiions. Conceptually, the use
of pilot plant systems is routine in the engineering
profession. These systems are necessary to test the
validity of laboratory ﬁndlpgs on a more realistic
basis.

For oil pollution studies, the pilot plant could take
the form of either an artificially constructed im-
poundment in the field or a natural area that can be
regulated and controlled. Under these circumstances
a physically and biologically manageable system
with a minimal amount of perturbations from outside
forces can be studied. The system would more closely
approximate the natural environment and increase
the reliability of predictions based on the results of
the investigations,

There seems to be little doubt that 1nvest1gat10ns
of this nature have the greatest chance of generating
useful estuarine management data in the shortest
time frame. These efforts must involve large teams of
competent scientists working in a ,well-planned co-
ordinated program. Unquestlonab_ly, large amounts
of money will be required, but the cost effectiveness
will be an order of magnitude greater than if smaller
programs are conducted simply on the basis of multi-
ple use of control data alone. For example, the anal-
yses for oil in the water column and sediments are
time-consuming and expensive, and if different in-
vestigators are working in different locations or on
different organisms, each would require the same
analyses.

3. Investigations of acczdental 0il spills. As indicated
prevmusly, two of the major reasons for the limited
value of the data derived from investigations of
accidental oil spills are (a) lack of adequate pre-spill
baseline data, and (b) the inability to deploy the
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desired scientifie staff in time to maximize the value
of the data obtained. While this report is directed
toward the impact of oil on the estuarine environ-
ment, it should be realized that a thorough under-
standing of the ecosystem is necessary for the most
useful management of this valuable resource. This
understanding also is of vital importance in deter-
mining the impact of pollutants other than oil (e.g.,
pesticides, thermal pollution, and so on). Economics
dictates that only representative areas can be sub-~
jected to these kinds of investigations, but years
will be required before meaningful data are obtained.

In this connection, it should be pointed out that
the institutions of higher learning are an excellent
source of expertise and resources for this type of
undertaking. While having the scientific guidance of
senior scientific personnel, much of the work can
be handled by graduate research assistants. In this
fashion, not only will the scientific aspects of the
program be met economically, but also this plan
offers the obvious spin off value of contributing to
the badly-needed reservoir of trained environmental
scientists for the future. Pursuing this line of reason-
ing further, there is every reason to believe that
many of these same people could become a funetional
part of the environmental response teams that are
needed to investigate accidents. Since the total
environmental team already would be in contact
and familiar with the ecosystem involved, the
problems of an effective response would be min-
imized. In other words, these university environ-
mental teams will be most valuable to the govern-
ment and/or industrially contracted response teams
in terms of formulating the specifics of the in-
vestigation, supplying some of the scientific direc-
tion, and making available many kinds of highly
specialized equipment and facilities. There is every
reason to believe that this kind of interdisciplinary,
multi-nstitutional program can be mounted success-
fully in an economically practicable and scientifically
meaningful fashion.

SUMMARY

If the amount of oil entering the environment
each year were reduced to zero, the problems associ-
ated with oil pollution would disappear with time.
While this may be desirable idealistically, it is cer-
tainly unrealistic. More emphasis on preventing
accidents, improved technology in containing and
cleaning up accidental spills, and an accelerated
effort to reduce the input of oil from all sources will
reduce significantly the danger from oil pollution.
The literature clearly indicates that a substantial
effort must be put forth immediately if we are to

maintain and/or reclaim our estuaries as a healthy
viable resource.

One cannot help but be impressed, in a negative
way, by the lack of usefulness of the data on oil
pollution in terms of estuarine ‘management. To
date, the major value of the research has been in
identifying the potential long-range problems that
could result from oil pollution of the estuaries. The
fact that an ecological catastrophe has not occurred
is fortunate and an increased research effort on oil
pollution should reduce significantly the probability
of such an event. The translation of scientific data
into information utilizable for making estuarine
management decisions must be accelerated and
more emphasis must be placed on determining the
costs (both monetary and ecological) as well as the
benefits of the various solutions to the oil pollution
problems.
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SOLID WASTE DISPOSAL
AND ITS RELATIONSHIP
TO ESTUARINE POLLUTION
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ABSTRACT

The general relationship of solid waste to estuarine pollution is described. Current major impact
of solid waste on estuarine pollution comes from fills, legal and illegal, where leachates contain
pollutants including pesticides, heavy metals, and oxygen-demanding materials. Most coastal
states have regulated against the further use of estuarine areas for the disposal of solid wastes,
It is recommended that the Federal government establish a data bank to determine where the
various kinds of waste materials originate and where they are disposed. Long-range solutions to the
danger of estuarine pollution by solid waste materials lie in reduction of the quantity of solid
wastes generated and in large-scale recycling efforts.

INTRODUCTION

Each year the average person in the United States
uses 17,500 pounds of fuel (for warming offices and
houses, running automobiles and trains, firing fac-
tory boilers, and many other tasks), 23,000 pounds
of construction and other non-metallic materials,
6,800 pounds of metallic ores, and almost 6,000
pounds of agricultural materials (Morton, 1974).
The annual per capita consumption in the United
States, then, is over 50,000 pounds, or nearly 150
pounds per person per day. Since “consumption”
really means one-time (usually short-term) use,
this quantity of material becomes a per capita solid
waste disposal problem. This contrasts rather dra-
matically with the “tip of the iceberg” of solid
wastes visible to most of us who generally think of
solid wastes as household garbage and rubbish.
But household garbage and rubbish are just one of
the 11 major streams of solid waste produced in this
country, and account for a minute percentage of the
150 pounds per person per day total waste pro-
duction.

The 11 major streams of waste may be lumped
into the three broad categories of municipal waste,
agricultural waste, and industrial waste. Municipal
waste includes residential, commercial, and demoli-
tion wastes; agricultural waste includes animal
manures and waste from fruit and nut crops and
from field and row crops; industrial waste includes
waste from food processing, manufacturing, and
lumbering, as well as chemicals and petroleum.

On a per capita basis, municipal wastes account
for about 3 to 5 pounds, agricultural wastes, about

15 pounds, and industrial wastes, nearly 130 pounds
per day.

Since nearly 80 million people in the United States
live within 50 miles of an ocean coastline, while
another 30 million live within 50 miles of the Great
Lakes and the St. Lawrence River (U.S. Department
of Commerce, 1973), the use of estuarine areas for
waste disposal is an important consideration because
these have historically been favorite sclid waste
disposal sites for municipal and industrial wastes.
Agricultural wastes have generally been left on
fields, burned, or allowed to wash into water courses.
Fortunately, as will be shown later, most coastal
states have now prohibited the use of estuarine areas
for waste disposal. So while filling of estuarine areas
is still going on, principally in San Francisco Bay
and Hackensack Meadows in New Jersey, no ex-
tensive new filling of estuarine areas with solid
waste appears to be taking place.

CURRENT DISPOSAL METHODS

The four primary methods of solid waste disposal
are, in order of decreasing usage, landfill, resource
recovery, incineration, and ocean disposal. Since
estuarine areas have in the past been favorite sites
for “reclamation’ by filling them with solid wastes,
this disposal method has had a primary impact on
them. Therefore, as resource recovery and incinera-
tion become more prevalent, less pressure exists to
fill estuaries with garbage. Of course, much solid
waste is illegally dumped in estuarine areas.

Landfill is by far the most prevalent method of
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disposal in use today, with about 90 percent of
municipal waste going there (Feibusch, 1970).
Unfortunately, most landfills still do not qualify
as “‘sanitary’’ landfills as these are defined by the
American Society of Civil Engineers (ASCE). A
sanitary landfill according to the ASCE is ‘“‘a method
of disposing of refuse on land without creating
nuisance or hazards to public health ... (volume)
and to cover it with a layer of dirt at the conclusion
of each day’s operation . . .”

Properly developed sanitary landfills create useful
land for park and recreation facilities. On the other
hand, the ecological disruption caused by landfills,
particularly in marshland or wetland areas, is a
mejor negative environmental factor.

Significant amounts of waste (particularly in-
dustrial wastes) are being reused. The salvage in-
dustry today probably does an annual volume in
excess of $10 billion. However, most materials now
being salvaged are the homogeneous remains of
manufacturing processes that are free of contami-
nants and can therefore be directly reused. Recovery
of materials from municipal wastes is currently
receiving a great deal of emphasis from planners in
the waste management industry. In later sections
of this report, we will discuss what efforts the States
of Massachusetts and Connecticut are currently
making in implementing statewide resource recovery
plans.

Probably the major constraints to increased
salvage and reclamation efforts are the absence of
sustained demand for salvageable material and the
incentives to use them. In any case, energy con-
siderations are now forcing all waste management
planners to reconsider resource recovery as a major
factor in solid waste management.

The best available data indicate that incineration
accounts for about 8 percent of the solid waste dis-
posed in the United States. Many communities have
recently renewed their interest in incineration in
light of the predicted energy shortage. Modern
incinerators are said to be 90 percent efficient in
terms of residual waste. That is, for each 100 tous
of combustible material burned, 10 tons remain to
be disposed. Of course, the basic law of physics
stating that matter cannot be destroyed is still
valid, so the 90 tons of material burned are dis-
charged either into the air or into sewers. The
problem of non-combustible materials also remains.
Studies in Yos Angeles County indicate an overall
incinerator efficiency of 48 percent with respect to
the average raw refuse composition collected (in-
cluding bulky materials and non-combustibles).

Less than 10 million tons of solid wastes are dis-

posed of annually into the oceans off the continental
United States. In addition, at least 53 million tons
of dredging spoils are being dumped into the ocean
(Smith, 1971). The question of dredging spoils
disposal is currently the subject of a $30 million
study by the U.S. Army Corps of Engineers under
its national Dredged Material Research Program
and will not be further discussed here.

REVIEW OF COASTAL STATES’
SOLID WASTE MANAGEMENT EFFORTS

In order to provide an up-to-date review of the
status of solid waste management efforts in the
individual states, a telephone survey of the 20 coastal
states was made between October 30, 1974, and
November 11, 1974. In each case, contact was made
with a senior official in state government responsible
for solid waste regulation and management. Table 1
summarizes information obtained from this survey.

Eighteen of the 20 states surveyed have assumed
primary jurisdiction for solid waste management and
regulation. Only California and Washington have
total local control. Actual situations in Texas and
Louisiana reveal effective local. control, but South
Carolina under present procedures cannot exercise
effective state control. Seventeen of the 20 states
surveyed have adopted solid waste management
legislation since 1970, indicating at least a recogni-
tion of state responsibility in the solid waste manage-
ment fleld.

Two states, Massachusetts and Connecticut, are
proceeding to implement statewide resource recovery
plans, while two other states, Delaware and Califor-
nia, are working with demonstrations that may have
significant results. Data concerning the location of

gsolid waste fills in estuarine areas were not readily

available, although the problem seems confined to
the states of Maryland, North Carolina, South
Carolina, Florida, Texas, and California. In Loui-
siana, a state with many estuarine areas, the popula-
tion in the five parishes where most of the estuaries
are located is quite small. It is encouraging to note
that only one or two states allow new fills for solid
waste in estuarine areas, and that ocean dumping
appears to be practiced only in New York and New
Jersey.

PROBLEMS OF SOLID WASTE
LANDFILLS IN ESTUARINE AREAS

Landfilling of solid wastes in estuarine areas
presents a twofold problem. First, it causes a reduc-
tion in the limited acreage of marshland and wetland
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Table 1.
Populatien Date of Enabling { Status of Resourcej  Number of New Estuarine Acres of Estuarine
State (Millions) Jurisdiction Legislation Recovery Efforts | Existing Fills in Fills Allowed | Ocean Dumping rea (f)
Estuarine Areas (Thousands)
1,01 P* 12/73 ? 2 | No No 39.4
g6 P ‘72 ? ? No No 12.4
Massachusetts. 576 P 4471 [ Ao 1|Na No 207.0
Rhode Island...___...._] 96 P 74 ? 1{No No 94,7
Connecticuf. .o coe__] 3.07{P ' P.1l. ? No No 31.6
New York___ 18.35| P 9/73 ? ? No Yes 376.6
New lersey__ 7.31]P '70 ? 1| No Yes 778.4
Delaware. . .oeeee ] 561 P 713 Demot None | No No 395.5
Maryland__......___. ] ao0l|p '70 ? 15(c) { No No 1406.1
Virginia. ... 4.72{ P 4N ? 1 [No No 1670.0
North Caralina. 5.16| P '69 17 20 | No ? 2206.6
South Carolingd. .- 2.63 | P(d) 9/71 ? 30 | Yes H 427.9
Georgia_.____......__.] 4.66 | P, '72 ? None | No No 170.8
Florida 7.03|P 7714 ? ? No ? 1051.2
Alabama.__. 3.431P '69 ? None |No ? 530.0
Mississippi. . cocccuo o 2.251P '74 1 None | No No 251.2
Louisiana. .- -voonmen 3.69 | Pa) ? ? ? ? ? 3545.1
Texas...._ 11.43 | P(b) '69 ? Many(e) | No ? 1344.0
California.. 120,29 | L : 1/73 Demot 31 {No ? 522.1
Oregon..._.. 2,141 P 5/71 ? 1 [No No 57.0
Washington. ... 34401 72 7 ? No ? 193.8
111.77

(a) State must use parish district attorney to prosecute. Sincé district attorneys are also parish legal advisors, they do not prosecute.
(b) Counties may assume control by adopting solid waste permit system. Only 4 of 254 counties have done so.

(c) Small facilities on Eastern Shore serving total of 20,000 people.
(d) Can be overruled by any professional engineer-prepared plan. -
(&) Mostly small sites.

(f) Presented by Dr. Stanley A. Cain, Assistant Secretary of Interior, in testimony to the Subcommittee on Fisheries and Wildlife Conservation,

*  Primary state jurisdiction.

** Local control.

ek Statewide plan implementation.
1 Demonstration project.

remaining in this country, and secondly, it creates
the danger of polluting vast areas outside of the
fills themselves through contamination of leachates
when water percolates through solid waste. A recent
article in Nation’s Cities (Weddle, 1974) suggests
that dumps, both old and new, may be a potential
threat to many groundwater supplies. Certainly if
this is the case, estuarine areas in which dumps are
located are also affected. Leachate generation in this
country, according to the Environmental Protection
Agency (EPA), may approach some 46 billion
gallons annually. A significant percentage of this
leachate enters estuarine areas where it introduces
toxicants, heavy metals, and pesticides, and produces
oxygen depletion.

The Third National Congress on Waste Tech-
nology and Resource Recovery, sponsored jointly
by the EPA and the National Solid Waste Manage-
ment Association, in San Francisco November 14
and 15, 1974, may provide the impetus needed to
tackle the problem of leachate contamination on a
national level.

SOLUTIONS—LESS WASTE,
MORE EFFECTIVE RECOVERY

As suggested in the previous section, much prog-
ress has been made in reducing the negative effect
of solid waste pollution on estuarine areas. However,
ultimately the answers to pollution problems from
solid waste of estuarine areas do not lie solely in
more rigid regulations or more detailed guidelines.
They lie also in producing less waste and in doing a
more effective job of recovering fractions of the
waste that we do produce.

Management plans for solid waste can no longer
be based on least first cost alone. They must be
based on the concept of least net cost, taking into
account a direct monetary outlay, the cost of
environmental pollution, and the value of resources
conserved. The ‘hierarchy of choices” conecept for
solid waste management is suggested as a systematic
approach to solid waste management, minimizing
resource waste and maximizing resource recovery.
Under the hierarchy of choices, the best waste
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manageraent choice is carried to its logical and
. practical limit, and then the next best choice is
- applied to what remains. There are six choices, and
the waste that is finally left over for burial is a small
fraction of the original amount. The hierarchy of
choices is as follows: ‘

Source Reduction

This involves modifying some products and mate-
rials and stopping the manufacture of others. It
would require that serious consideration be given'in
the design stage to ultimate disposal of any manu-
factured product. Superfluous packaging materials
_are obvious candidates for this approaoh Action by

state and federal legislatures, vigorous support from
local agencies, and strong citizen support would be
" necessary to reduce the production of waste.

. Reuse Without Procéssing

Some glass, metal, and paper articles are suitable
for direct reuse. More consideration must be given
to encouraging a collection system that separates
these materials at the point of origin. The contro-
versial Oregon “bottle law” is an example of state
_ efforts toward reuse of resources.

Reuse With Processing

. Materials not suitable for direct reuse, but which
~ can be successfully blended with virgin materials at
time of processing (glass, aluminum, paper, tin cans),

can be separated at transfer points and made
avaﬂable to industry as raw materials.

Conversion

The organic part of the remaining material can be
decomposed into a soil-like humus by composting or
pyrolyzed by applying heat in the absence of oxygen.
Composted materials would be applied to the land
to produce stable topsml .

Ch aﬁge of State

The combustible material that still remains can be
incinerated, producing gas and energy. Incinerators
need to be located where there is a demand for steam
in the immediate vicinity.

Burial

Some materials will always need to be disposed in
landfills. But these landfills should be located where

" development plans call for changes in existing ground

elevations. Since the material that remains.after
having. been processed through the previous five
steps in the hierarchy is inert and earthlike, the
problem of landfill stability will be greatly reduced.

The hierarchy of choices concept will have to be
employed in ‘a flexible way, sirice local conditions

_ may obviate some and favor others, but if it is

employed in a systems engmeermg sense, it can be
appropriate under any given set of clrcumstanees

ENERGY CONSIDERATIONS

As a nation, we are currently involved in a massive
drive to find alternate sources of energy, having
recently discovered that a dependence of foreign oil
could have devastating effects on our way.of life.
To a large extent, the whole problem of solid waste
management has become affected by the “energy
crunch.” As with all such crash efforts, it will take
several years before we realize that the crucial prob-
lem is not how much energy we generate but what
our Teal net energy needs are. Thus it may be that
according to the hierarchy of choices concept in the
previous section, organic municipal and agricultural
wastes can be more useful when converted and added

to the land as a soil amendment rather than bemg
burned. Much work needs to be done to minimize

“the need for energy in solid waste management The

institution of transfer stations where waste materials

_ are transferred from small to laige vehicles is one of

the more obvious energy-saving devices being con-
sidered by many communities.

'PROGRAMS WITH PROMISE

. As we have mentioned, the States of 'C(v)nnecti'cut

_and Massachusetts have taken a leading role in

developing statewide solid waste management plans
that emphasize resource recovery. The Connecticut
plan (Anon., 1974b) proposes 10 regional solid waste
recyeling centers to be constructed by the Connec-
ticut Resource . Recovery Authority (CRRA), a
non-profit, tax—exempt public service corporation.
Private firms in the resource recovery industry will
contract with CRRA to design, construct, and
operate the. 10 regional centers. Firms ha,ve been
selected to build plants at Bridgeport and Berlin,
Conn. The plants are scheduled to go into operation

_at the rate of one per year. The first two plants will
. recover fuel, ferrous metals, aluminum, and glass.
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The State of Massachusetts, with a somewhat less
ambitious program than that of Connecticut, has
approved the development of the first resource
recovery facility in Lawrence to serve the regional
needs of the Merrimack Valley. This plant is to be
built, operated, and owned by private entrepreneurs.
Recovery of metals and fuel is envisioned (Anon.,
1974a).

The city of St. Louis and Union Electric Company
are jointly undertaking a significant program for
utilization of refuse for energy production. Shredded
air-sorted refuse and coal have been used for some
time now on a test basis to generate electricity at
the Meramee Power Plant of Union Electric Com-
pany in St. Louis. Extensive tests have not revealed
any serious problems of air pollution, although modi-
fication of the refuse-coal composition and close
mixture control were found necessary. Union Electric
Company and the city are currently developing a
$70 million program for five to seven transfer
stations throughout St. Louis, making it possible
to use all of that city’s combustible solid waste for
energy.

The Delaware Reclamation Project proposes to
use 500 tons of solid waste and 230 tons of sewage
sludge per day and recycle them into marketable
materials. This demonstration is essentially to prove
the viability of an aerobic digester to produce
humus. Other machinery would produce solid fuel,
carbon, fuel gas, ferrous and non-ferrous metals,
paper, and glass cullet. The plant will be designed
with enough capacity to handle all the wastes in
Newcastle County (Wilmington).

In the San Francisco Bay Area, a group of 15
local agencies joined together in 1972 to test the
feasibility of using composted organic solid waste in
the low-lying areas of the Sacramento-San Joaquin
Delta for levee stabilization, land building, and
agriculture. These local agencies, calling themselves
The Bay-Delta Resource Recovery Action Com-
Inittee, took a first step not only in solving the
problem of solid waste (including sewage sludge) in
the bay area but also in forming the regional institu-
tion framework necessary to do this. This effort
was entirely voluntary without coercion from either
state or federal agencies.

Briefly, the plan called for strategically located
processing transfer stations where directly recover-
able materials would be removed. The balance would
be shredded and air classified, with the light fraction
being mixed with sewage sludge and eomposted,
while the heavy fraction would undergo further
recovery processing. The composted fraction would
then be shipped by barge to the Sacramento-San
Joaquin Delta, where it would be placed behind

dikes for support and to raise the land levels, which
have been dropping steadily for many years. The
composted material would be used to stabilize dikes
and to serve as a growing medium for agricultural
products. A pilot demonstration lasting three years
and using 200 tons of composted material per day
has been proposed. To date, the California legislature
has appropriated $2.3 million toward the demonstra-
tion. The local agencies are currently negotiating
with federal representatives for matching funds.

THE FEDERAL ROLE

Current Federal authority in the field of solid
waste management as it affects estuarine areas is
held by the U.S. Army Corps of Engineers under
the Rivers and Harbors Act of 1899. The Corps,
under the same act, issues permits for dredging and
filling in navigable waters and may deny these
permits based on fish, wildlife, and water quality
consideration (Anon., 1974¢). ,

The EPA’s Solid Waste Management Program
has no regulatory authority. Its present role is
confined to establishing broad national policies,
administering research and development programs,
encouraging state and area-wide solid waste manage-
ment planning, and providing technical assistance.

Many of the concepts proposed in the hierarchy
of choices for sound solid waste management and
resource recovery are embodied in legislation cur-
rently pending before various committees of Con-
gress. The Resource Conservation Energy Recovery
Act of 1974 is the most comprehensive bill currently
being considered. It addresses freight rate discrimina-
tion for recycled produects, source reduction efforts,
hazardous waste disposal standards, long-range state
solid waste management planning, and grant and
loan programs for large-scale energy recovery and
resource conservation demonstrations as well as full-
scale plants.

Committees of the House of Representatives are
discussing legislation for tax credits to recycled
products manufacturers and ‘rapid amortization
proposals for recycling equipment. Both of these
pieces of legislation would have a major beneficial
effect on reducing the quantity of solid waste that
might be destined for estuarine areas.

New legislative proposals are urgently needed that
would require the EPA to establish and maintain a
data bank of waste materials generated and dis-
posed. No one today has even a general idea as to
how much and what kind of material we are throw-
ing away, where it is being thrown, and what
damage it is causing., The information gathering
effort required to develop this data bank is very
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large. However, intelligent long-range planning by
both industry and regulators will be impossible until
better information is available.

SUMMARY AND CONCLUSION

Each of us in this very affluent country consumes
on the average 150 pounds of raw material every day.
Since nearly half of us live within 50 miles of coast-
lines having estuaries, estuaries offer convenient
dumping grounds for our leftovers. Fortunately,
most coastal states have recognized the ecological
importanece of estuarine areas and have prohibited
their filling with solid waste. So while some filling
of estuarine areas is still going on, not many new
fills will be started.

Concerns for raw material and energy shortages
are likely to have a positive influence on resource
recovery and conservation efforts. This will help to
reduce the pressure on filling estuaries since less
waste will be generated.

Most states have assumed regulatory control over
solid waste disposal and appear to have established
on-going enforcement programs to prevent estuarine
pollution. Massachusetts and Connecticut are em-
barking on ambitious statewide resource recovery
programs, while several demonstration projects with
great potential are being initiated elsewhere.

A systems engineering approach is urgently needed
to measure the least net cost of solid waste manage-
ment programs, taking into account cost of pollution
prevented and resources conserved. The hierarchy of
choices concept is a useful ool in selecting waste
management programs. In the hierarchy, source
reduction (i.e., not making the produect in the first
place) is the ideal waste management solution, while
throwing it away is the worst.

It is to be hoped that the federal role in the solid
waste management field will soon be expanded with
the provisions embodied in the proposed Resource
Conservation and Energy Recovery Act of 1974
becoming law.

In general, it can be said that much improvement
has taken place in the solid waste management field
In the past few years, but a great deal more needs
to be done before the threat of pollution of estuarine
areas from solid waste is eliminated.
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ABSTRACT

The use of chlorine as a disinfectant and antifouling agent is reviewed. Chemical reactions of
chlorive in aguatic environments are discussed, with parficular emphasis on the formation of
halogenated organic constituents in freshwater and marine systems. Studies of the effect of chlo-
rinated sewage effluents and cooling water from generating stations on marine organisms and

ecosystems are summarized.

INTRODUCTION

Chlorine gas has seen industrial use since 1800 as
& bleaching agent and has become one of the most
versatile chemicals known. In freshwater it is well
known as a disinfectant for drinking and recreational
water, biocide for slime and fouling control, and
treater of municipal wastes for pathogen econtrol.
In these applications, vast quantities of chlorine are
used, and find their way through society’s effluents
to natural ecosystems. The toxicity desired in disin-
fection and biocide applications can continue with
non-desirable effects to wildlife and their ecosystems.
Recent findings of halogenated organics traceable
in drinking water in 80 cities, underscore the need
for responsible assessment of the mansgement and
effects of our chlorination processes, and the en-
vironmental costs incurred.

The State of Maryland is often used by planners
as a minimodel for the United States. In the case of
rate of chlorine use, some of the most aceurate
statistics exist for Maryland. Furthermore, resulting
chlorination constituents from Maryland mostly
drain into the Chesapeake Bay. An inventory of

- chlorine discharge from Maryland alone into the

Chesapeake Bay, assuming no degradation, results
in the statistic of 27 million pounds per year of
chlorine from municipal treatment plants and 2.2
million pounds per year from power generation
facilities. It would appear to the casual observer
that without the aetion of degradation processes,
these amounts would soon sterilize the bay. It is
calculated (but still to be confirmed experimentally)
that 1 pereent of these totals may become halogen-

ated organic compounds possibly persisting in
marine ecosysterns. Twenty-three other states border
marine ecosystems where some form or another of
chlorine discharge currently persists in one manner
or another.

The purpose of this paper is to compile the scarce
data presently available for chlorine effects upon
aquatic life of estuarine and marine ecosystems.
The chemistry of chlorine is briefly reviewed to
point out some of the unigue features of chlorination
in marine waters. Although some data exists on
effects of residual chlorine and & himited number of
byproduets upon specific organisms, virtually no
information exists on transport processes, persist-
ence, bioaccumulation, and fate of halogenated
compounds from chlorination processes.

CHEMISTRY OF CHLORINE

Chlorine is presently manufactured by & variety
of methods, ineluding:

the elestrolysis of brine,

eleatric current

2NaCl + 2H,0—— 2NaOH + Cl, + He
the salt proecess,
3NaCl+4-4HNO; — 3NaNQ;+ClL-+NOCI+2H,0

and the hydrochlorie acid exidation proeess,

150_650°C

4HCl + 02 — 2Cl, -+ 2H20.

415
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Chlorine in Freshwater Systems

Chlorine gas dissolves rapldly in Water and hy-

drolyses,
CL + H,0 = HOCL + H+ + .Cl~.

This hydrolysis is nearly complete and only when
the pH is below 3.0, or the chlorine concentration
over 1000 mg/1 is there any measurable quantity of
molecular chlorine present. The oxidizing capacity
of chlorine is retained in the hydrolysis product,
hypochlorous acid. Hypochlorous acid dissociates to
form, ;

HOCl=H+ + CI0~.

This reaction is pH dependent. For a neutral pH
(7.0) at 20°C, the equilibrium is approximately 75
percent HOCI and 25 percent ClO—. For a pH of 8.0,
the reverse is true with approximately 25 percent
HOCI and 75 percent ClO— (Sawyer and McCarty,
1969).

The addition of hypochlorite salts to water forms

hypochlorite ions followed by hypochlorous acid,

Ca(Cl0); = Cat++ + 2 ClO,

‘ and

H+ + Cl0- = HOCL

If ammonia or organic amines are present in the
water, they will react with hypochlorous acid to
form chloramines,

NH; + HOCI = NH,Cl + H;0.

Like the ionization of hypochlorous acid to
H+ 4+ ClO~, the reaction rate between ammonia
and hypochlorous acid is pH dependent, occurring
most rapidly in solutions with a pH of 8.3. This
reaction is also dependent upon temperature and
the ratio of ammonia to hypochlorous acid.

Monochloramines react with hypochlorous acid
to form di- and trichloramines,

NHCl + HOCL = NHCL + H,0,

and

!
'
i

2NHCl + HOCl = NCl + H0.

- Low pH favors a shift, in equilibrium toward the
formation of di- and trichloramines. Fair et al.

. 4-Chlororesorcinol
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Table 1.—Summary of reactions of chlorine’ with organic -compounds in
freshwater (modified from Ingals et al, 1953)

Organic Sub‘strate Hypochlorous Acid Monucﬁlorami'ne

Alaniné_...caennen] Pyruvic acid ‘| Organic monochloramine
Cysteine, oo ooeuannd RS0zH | RSSR
Glycylglycine_......J Oxidative

Glycylglycylglycine.._{ Hydrolysis and deaminization | Terminal organic® :

] monochloramine

Tyrosine_ .. oveeo.] Ketone - Organic monochloramine

Remin_ _____.______. Violent change frreversible addition or

oxidation

(1948) determined that at pH 5.0, the ratio was
16 percent monochloramine and 84 percent dichlor-
amine. For a pH of 8.0, the ratio’ was- 85 percent
monochloramine and 15 percent dichlorarine. Tri-
chloramine is found in significant quantities only at
-pH values of less than 4 (McKee and Wolf, 1963).
1 Ingols et al. (1953) determined that hypochlorous
acid and monochloramine in freshwater will react
with various organic constituents. Some of these
reactions resulted in the formation of organic
monochloramines although none were persistent,
Table 1.

The formation of chlorinated organic compounds
during chlorination of sewage effluents and power
plant cooling waters has recently been documented
(Jolley, 1973; Jolley et al. 1975). Isotopic %Cl
tracers and high-resolution anion-exchange chro-
matography were used to separate over 50 chlorine
containing constituents from chlorinated secondary
effluents. Fifteen of these were tentatively identified

-and quantified, Table 2.

Table 2.—Tentative identifications and concentrations of chlorine containing
constituents from chlorinated sewage effiuents (modified from Jolley, 1973)

Identification Conc of Organlc

compound ug/L

5-Chlorauracil
5-Chlorouridine_ .-
8-Chloracaffeine
6-Chloroguanine
8-Chloroxanthing .o omcee oo ol
2-Chlorobenzoic acid ;
§-Chlorosalicylic acid__..
4-Chloromandelic acid_ .. _____
2-Chiorapheriol......z .
4-Chlorophenylacetic acid._. -
4-Chlorobenzoic acid.
+4-Chlorophenol._____ 3

-

o

@ R oo

3-Chloro-4-hydroxyb ic acid ..
4-Chloro-3-methyl phenol...._... o]

e G I N A D DS
DT WD 0 W N R B en o
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‘Chlorine in Marine Systems -

Major sources of chlorine contamination in the
marine environment are related to postehlorination
of secondary sewage effluents with outfalls located on
coastal and estuarine waters, and chlorination of
seawater used folr cooling of thermal electric generat-
ing plants (White, 1972, 1973; M&rkowSki,-l%Q).

The addition iof chlorine to seawater results in a

complex series of chemical reactions; the most ob- ..

vious one frees bromme

g Clg;+ 2Br— = 201‘ —+ Brs.

This reaction goes to completion and is the basis for
the manufacture of bromme from seavvater (Lew1s,
- 1966).

"Fhe mdustnal extractmn of: bromme from sea-
water requires -that the pH be reduced below: 3.0,
- 80 that molecular chlorine: can release molecular
brominei’ The :hydrolysis products- from - adding

chlorine to :seawater, HOC! and ClO-, will also
release bromine from the.bromide ion in the form of
- hypobromous acid and hypobromlte 10n,

CIO“'+ Br- = ‘BrO— + Cl’-‘,;i

and

BrO~ Y- Ht & HOBr
Houghton (1946) has also suggested that” chlorma—
tion of water containing free ammonia and bromine
" may result in the formation of bromamines. Johan-
"neson (1958) added chlorinated water to a sodium-
ammonium salts solution buffered to pH 8.3. This
resulted in the formation of monobromamine and
some monochloramine., The. addition of  sodium
hypochlorlte -golution produt:ed mostly monochlor-
amine. - The hypochlorite in solution apparently
‘reacts with both the bromine ahd ammonia,

ClO- + Br- = BrO~ 4+ CI-,
and ]

ClO~ + NH; = NHCl 4 OH-.

Injection of chlorine gas may result in localized
acidity, favoring the first reaction above, which is
rapid at pH values of less than 8.0.:The second
reaction is favored when chlorine is added as sodium
hypochlorite since there is no accompanying reduc-
- tion in-the normal pH of 8.0-8.3.

and’

When ammonia is present in seawater, it will react
with hypobromous acid to form monobromamine.

, Monobromamine - in “turn- will react ~with hypo—

bromite ion to form dibromamine,

NH; + HOBr = NH,Br + H,0,

- NHBr + BrO~ = NHBr: + OH~:

In addition, monobromamine at near neutral pH

" will form ammonium bromide which dissociates into

ammonium ion and free bromine {(Johanneson,
1960).

NH:Br } H* = NH,Br+

and <
NHsBr+ NH; + Br+.

Block and Helz (1975) have prepared a reaction
series model to illustrate the theoretical degradation

" processes oceurring after the addition of chlorine to

natural, saline waters, Figure 1. Compounds in each
successivé level can give rise to ones on a lower level.
In general, compounds occurring on lower levels
will not contribute to the formation of those in the
levels above.

The reaction occurring between levels I and II
is a result of ¢hlorine decay from a diatomic gas to
hypochlorous acid, hypochlorite ions, and sodium
hypochlorite. As pointed out by Moore (1951) and
Lewis (1966), this reaction occurs rapidly and goes
to completion within seconds after the addition of
chlorine. The inclusion of sodium hypochlorite

H

1 l T A 3 CLZ

HOCL,0CL™, -NaOCL

NHCL, NHCLp, NHgBR,

111 ‘ NHBry. BRO™, HBRO

HALOGENATED ORGANIC

v CONSTITUENTS

V.,.

CL, Br™

Ficure 1.—Degradation processes for ¢hlorine in saline
waters (modified from Block and Helz, in preparation).



418 Estvarine PorLutioN CoNTROL

within level IT is based on the results of work by
Sugum and Helz (1976). .

The chemical composition and abundance of
products formed from level II to level III is a
funetion of physical and chemical parameters of the
water, including but not limited to temperature,
pH, ammonia, and bromine, available as reaction
components. In seawater it is possible that the
predominant species would be bromamines, espe-
cially if NH,* ions are less abundant than Br— ions.

Level IV includes halogenated organic constituents
which may be formed by level IT or level I1T species,
including chloramines, hypobromite and broma-
mines, The stable end products in level V ocecur
through a diverse group of mechanisms taking
place in steps I-IV.

Charge balance results in one atom of Cl passing
from level I to level V to each atom passing from
level I to level II. Reduction of hypochlorite by Br-
or Fe* and Mn?* may release Cl— from level II to
level V. Movement of Cl~ from level IIT to level V
can also occur in a number of ways; the most
obvious, suggested by Laubusch (1971) involves
the destruction of echloramines when the OCl-/NH,*+
ratio is large.

Some of the chlorinated organics identified by
Jolley (1973) are persistent and the decay from level
IV to level V is probably a slow process, relative to
decay from levels I through ITI {o level V.

TOXICITY OF CHLORINE
IN ESTUARINE ENVIRONMENTS

The relative toxicity of chlorine in water is related
to the amount and proportions of free and residual
chlorine. Several investigators have found that free
chlorine is generally more toxic to freshwater
organisms than chloramines (Douderoff and Katz,
1950; Merkens, 1958), even though the toxicity of
the various forms of chlorine was of the same order
of magnitude. Rosenberger (1971) and Basch and
Truchan (1973), found that dichloramine was more
toxic than monochloramine in freshwater. A com-
prehensive review paper by Brungs (1973) sum-
marizes the toxic effects of residual chlorine on
freshwater aquatic organisms.

In seawater, Holland et al. (1960) determined
that dichloramine is apparently more toxic than
monochloramine and that the chloramines were

more toxic than free chlorine. These findings may .

reflect the complex chlorine-bromine reaction kine-
ties suggested by Johanneson (1958, 1960) and
Lewis (1966).

Chlorine Toxicity to
Marine Phytoplankton

The effects of chlorinatioh and thermal pollution
onphytoplankton productivity havebeeninvestigated
in some detail, Table 3. Carpenter et al. (1972)
observed an 83 percent decrease in the productivity
of phytoplankton passed through the cooling system
of a nuclear generating plant on Long Island Sound.

Intake water was chlotinated at a rate of 1.2 mg/1
with a residual of 0.4 mg/l measured at the dis-
charge. Addition of 0.1 mg/] chlorine at the intake
with non-detectable residudls at the outfall decreased
productivity by 79 percent. Essentially no decreases
in productivity were observed when phytoplankton
passed thiough thie cooling system without addition
of chlorine. Hirayama and Hitano (1970) measured
the effect of chlorination on the photosynthetic
activity of Skeletonema costatuni and found that cells
were killed when subjected to 1.5 to 2.3 mg/l
chlorine for 5 and 10 minutes.

Gentile (1972, 1973 unpiblished data, Environ-
mental Research Laboratory, Narragansett) ob-
served a 55 percent decrease in the ATP content of
marine phytoplaiikton exposed to 0.32 mg/l re-
sidual chlorine for two minutes and a 77 percent
decrease after 45 minutes of exposure to chlorine
concentrations as low as 0.01 mg/l. A 50 percent
depression in the growth rates ¢f 10 species of marine
phytoplankton exposed to chlorine concentrations
ranging from 0.075 to 0.25 mg/l1 for 24 hours was also
measured.

Morgan and Stross (1969) used photosynthetic
rates to evaluate the response of estuarine phyto-
plankton passed through the cooling system of a
steam electric power station on the Patuxent River,
Md. The photosynthetic rate increased with an
8°C rise in temperature when ambient water tem-
peratures were 16°C or less. Inhibition occurred
when ambient temperatures were above 20°C. In a
related study, conducted at the same site, Hamilton
et al. (1970) measured a 91 percent decredse in
primary productivity during intermittent chlorina-
tion.

Chlorine Toxicity
to Invertebrates

Muchmore and Ipel (1973) investigated the
effects of chlorination of wastewater on fertilization
in marine invertebrates, Table 4. Unchlorinated
sewage (from the Pacific Grove, Calif.) was 4 weak
inhibitor of fertilization in the sea urchin, Strongyl-
ocentrotus purpuratus. Exposure of gametes of the
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Table 3.—Summary of toxic effects of chlorinated wastes and water on marine phytoplankton
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Species Toxicant Measured Residual " Duration of Test Effect(s) Reference
Chlorine mg/l
Phytoplankton._...._.____] |Clz injection 0.05-0.40| 12 hrs - 4 hrs incubation § 50-989% loss of productivity Carpenter et al. (1972)
Chlamydomona sp......... Hypochlorite solution 0.69-12.9 | 5 min Reduced growth rate Hirayama and Hirano (1970)
Skeletonema costatum...... 0.18-2.4| 5 min None up to 0.29 mg/l; greater amts,
inhibited growth ’
Phytoplankton-___-l-._;_,,l;lypochlorite solution 0.32} 2 min 55% decrease in ATP Gentile et al. (1972, 1973)
v | . 0.01} 45 min 77% decrease in ATP
0.075-0.25} 24 hrs 50% decrease in growth
Phytoplankton_ . __..___._} Clzinjection | ooeemmiaaaind 15 min 819 reduction in photosynthesis Hamilton et al. (1970)
Tahle 4.—Summary of toxic effects of chlorinated wastes and water on marine invertebrates
_Species Toxicant Measured Residual Duration of Test Effect(s) Reference
Chlorine mg/
Strongylocentrus Chlorinated sewage 0.02 | 5 min None : Muchmore and Epel (1973)
purpuratus (gametes)._..| effluents 0.11 | 5 min 100% inhibition of fert.
“Uréchis caupo (gametes).. 0.2 | 5 min 22% inhibition of fert,
1.0 | 5 min 100% inhibition of fert.
Phragmatopoma 0.2 15 min 22% luss of motility
californica (sperm)._..... 1.0 {5 min 86% loss of motility
Ostrea eduliS. .o woeeomenn |- Residual chlorine 10,048 min4-10C None Waugh (1964)
Elminius madestus__...._ 2.0 | 10 min Death and inhibited growth
5.0 3 min None
Balanus [ Clz injection 2.5 15 min 80% mortality MclLean (1972, 1973)
Acartia tonsi .. .ooeoooo. 2.5 15 min 80% wmortality
Melita nitida... __2one o 2.51 5 min Near 100% mortality 96 hrs after
Palaemonates pugio.....__| 2.5 5 min exposure
Bimatia franciscand....... 4.5 4 days None
ANEMONES oo pemme e Residual chlorine 10,0 | 1,2, 4, 8 hrs fday for 10 days | None Turner et al, (1948)
2.5 8 days 100% mortality
1.0 | 15 days 1009% mortality
Mussels. ons e 10.01 1, 2, 4, 8 hrs/day for 10 days None
2.5]5 days 10095 mortality
1.0 15 days 100% mortality
Barnacles. . oocoecaeen 10.01 1,2, 4,8 hrs fday for 10 days [95-100% mortality
2.51 4 days 100% mortality
1.0} 7 days 100% mortality
Mytitus edubiSeaenooeen s Clz injection 6,02-0.05 § A few his Detachment and migration James (1967)

sea urchin to a 10 percent unchlorinated sewage-
seawater mixture typically reduced fertilization
suceess by 20 percent. A 0.5 percent dilution of
moderately chlorinated sewage (11 mg/lI TRC
undiluted), significantly reduced fertilization. It was
also determined that chlorination had more effect
on sperm cells than on eggs. Eggs incubated for 5
minutes in a 0.77 mg/l hypochlorite solution and
subsequently washed to remove the hypochlorite,
showed no reduction in fertility. Incubation of
sperm at a 0.07 mg/l hypochlorite concentration

resulted in a loss of fertilization ability. This was
attributed to a loss of sperm motility which was not
restored after washing to remove the hypochlorite.
Gametes of the echiuroid, Urechis caupo, and sperm
of the annelid worm, Phragmatopoma californica,
were not as sensitive to chlorine toxicity.

A number of power plant related studies have
been conducted to determine the effect of chlorina-
tion of seawater on fouling organisms. Waugh (1964)
observed no significant difference in the mortality
of oyster larvae, Ostrea edulis, exposed to 5 mg/l
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chlorine for 3 minutes at ambient temperature, -

compared to control mortality. Exposure of larvae
to thermal stress (10°C above ambient) and 10 mg/1
chlorine for 6 to 48 minutes also had no significant
effect on survival 64 hours after treatment. Barnacle
nauplii, Elminius modestus, showed more acute
sensitivity to chlorination. Residual chlorine read-

ings in éxeess of 0.5 mg/l caused heavy mortality -

and reduced growth for survivors.

McLean (1973) simulated the condmons en-
countered by marine organisms passing through a
power plant on the Patuxent River, Md. Intake
chlorination to 2.5 mg/l residual, entrainment for
approximately 3 minutes and sustained exposure
to elevated temperatures for up to 3 hours were

used as experimental parameters. While barnacle.

larvae, Balanus sp. and copepods, Acartia fonsi,
were not affected by a 3 hour temperature stress of
5.5 and 11°C above ambient, exposure to 2.5 mg/l
chlorination for 5 minutes at ambient tempera-
tures caused respective mortality rates of 80 and
90 percent. The amphipod, Melita nitida, and the
grass shrimp, Palaemonetes pugio, showed a delayed
death response after exposure to 2.5 mg/l for 5
minutes. Nearly 100 percent, mortality was observed
for both species 96 hours after exposure to the
chlorination. MeLean (1972) showed that estab-
lished colonies of the euryhaline colonial hydroid,
Bimeria franciscana, were not greatly affected by 1
and 3 hours of exposure to 4.5 mg/1 chlorination.
Turner et al. (1948) determined that continuous
treatment of seawater conduits with 0.25 mg/l
chlorine prevented fouling during a 90 day interval
when the flow velocity was 52 cm/second or less.

Interrmttent treatment with 10 mg/1 ‘“‘residual chlo-

rine” for 8 hours a day was ineffective in preventing
fouhng by anemones, mussels and barnacles.
James (1967), working in Great Britain, observed

that chlorination levels of 0.02 and 0.05 mg/1 caused -

detachment. and movement of mussels in the direc-

tion of water flow through an aquarium._ with

eventual elimination of the mussels. He con-
cluded that the most effective way to prevent
fouling by mussels was not to kill, but to discourage
settling in cooling water systems by continuous low
level chlorination. :
Markowski (1960) compared, the occurrence of
marine organisms on concrete slabs placed in the
intake and -outfall canals of an electric. generating
plant. Chlorine was injected into the condensors of
this. plant for two hours a day at a concentration
betweeen 1 and 2.5 mg/l. No vegetation was ob-
served growing in the intake canal where dense
animal - populations occurred (predominantly. in-

vertebrates, Coelenterata and Polyzoa). The outfall .

canal contained a prolific growth of algae, Entero-
morpha sp. but fewer invertebrates. Balonus im-
provisis, which Was collected with some regularity
from the intake canal was never observed in the
outfall canal. The mollusk, Fubranchus sp. was more»
abundant on the intake slabs than in the outfall.

Chlorine Toxicity

to Estuarine Fish . |

‘Tsai (1968, 1970, 1975) has observed decreases in
the abundance and occurrence of brackish witer
fish species in certain areas of the Upper and Little
Patuxent Rivers receiving chlorinated sewage ef-
fluent. Tsai suggests that chlorinated sewage. ef-
fluent may also block the upstream migration of
such semi-anadromous species as the white catfish
and white perch. He attributed the blocking effect
to chlorination products rather than reduced dis-
solved oxygen or pH resulting from organic decom—
position of the effluent, Table 5. :
Tsai (1973) measured the dlversrc'y index .of ﬁsh
upstream and downstream of 98 sewage treatment
plants in Virginia, Maryland and Pennsylvania.
Sewage treatment plants were categorized as Type I
engineering facilities (sludge activation, aeration,
sedimentation and filtration) with effluent chlorina-
tion; Type 11, engineering facilities with chlorination
and an effluent holding lagoon; and Type IIIL;
engineering facilities with' a lagoon and effluent
chlorination at the lagoon outlet. Reductions in the
number of fish, number of species and the species
diversity .index were 51gn1ﬁcant downstream of
Type I and III plants. These reductions were at-
tributed to total residual chlorine levels and tur-
bidity. Diversity indices showed no significant
changes in downstream areas assomated w1th Type II

plants. .

Massive fish kllls occurred on the James River,
Va., during May-June 1973 (Virginia State Water
Control Board, 1974). Species affected by the kill’
included spot, Lezostomus conthurus; ‘white perch,
Morone americana; bluefish, Pomatomus salfatmx,
grey . seatrout, C’ynosczon regahs and menhaden, "
Brevoortia tyrannus. A majority of the sh Lill in_
the James River occurred adjacent.to sewage treat-
ment plants. Chlorination oxidation levels as high
as 0.7 mg/l were, observed in the’ James Effluents
from both plants showed more than 3.0 mg/l.

Distress symptoms of fish' dying included spiral.
swimming patterns, broken vertebral columns list-
less ﬂoatmg, inverted swimming, distension of the
air bladder in some, loose body scales, mucous on
the skin and hemorrhaging along the fins and body
surface. \
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Table 5,—Summary of toxic effects of chlorinated wastes and water on marine and freshwater fishes -

Species Toxicant Measured Residual Duration of Test Effect(;) Reference
Chlorine mg/I ’
Freshwater and brackish s k e . )
fishes.conocccucaaaoiol] chlorinated sewage 0.6-2.0 | Long term Decreased popn. size and diversity Tsai (1968, 1970, 1973)
effluents ) )
L. xanthurus. ... chlorinated sewage 0.07-0.28 | May-June, 1973 Probable kill 5-10 miilion fish Virginia Siate Water Control
Morone P o ceeccnnuea effluents Board (1974)
Polatomus saltatrix .
C.regaliS comooeeno]
Brevoortia tyrannus__.-. |
L. XaNthUILS. - oo ] sodium hypochiorite 0.0 |9 rs 509 mortality - , VIMS for VSWCB (1974)
. ' 0.14 | 24 hrs 50%% mortality .
0o . . 0.28 | 6 hrs '50%% mortality
0. nerka._-_..._____..J chlorinated sewage 0.02-0.26 | 24 hrs 1009 mortality $Servizi and Martens (1974)
0: gbrbuscha (frestiwater)) effluents 0.16 {72 hrs 1009 mortality !
0. gorb.ﬁécha-._.'_ _______ Residual chiorine 0.5]80 min+10C 509% mortality ‘ | stober and Hanson (1974)
0. tshawytscha...._.__..] 0.5 |10 min+410C 50% mortatity
Morong amencana_._"_.___. residual chioring 0.08 |10 °min Avoidance ’ Meldrim et al. (1974)
Menidia r'r_pemdla._.__ ..... ' : 0.08 |10 min Ayoidance
F. heteroclitus_..._..... 4 0.03 {10.min Avoidance.
Trinectes maculatus.......] 0.03 {10 min Avoidance
Pleuronectes platessa
[CT.T-5) JR free chlorine © 0,04-0.08 | 8.days None " Alderson (1972)
0.62 {72 hrs 509 mortality
_ 0.10 |6 hrs 509 mortality
(larvae). .icwoeiwuo ] ) - 0.032 |48 hrs 509% mortality
0.026 | 96 hrs " 50% mortality ]
Cyprinus carpio. ...~ 4-Chlororesorcinol ey ————] 3-7 days - Reduced hatch Gehrs et al. (1974)
5-Chlorouracil (8.001 mg/l) .

Live box tests conducted adjacent to ‘the James
River sewage treatment plant (STP) demonstrated:
a correlation between rates of effluent chlorination
and mortality of juvenile spot and croaker. With an
average daily chlorine feed of 1,200 pounds (total
flow of water was apprommately 10 mgd during
tests) and a measured activated oxidant level of
3.0 mg/l, caged fish suffered 100 percent mortality
within 20 hours. After a cutback to a chlorine feed
rate of approximately 400 pounds per day, only 20
percent mortality was observed among caged fish
after 20 hours.

On-site aquaria tests confirmed the results of the
cage tests. Water from an area adjacent to the outfall
of the James River (8TP) was pumped through
aquaria containing juverile spot. Mortalities ranged
from 91 to 100 percent after 40-85 minutes of
exposure prior to the cutback in chlorination. After
chlorination rates were reduced, mortalities were
0-26 percent after 120 minutes of exposure. '

Continuous flow laboratory bicassays were also
conducted. The 96 hour LCs for’ juvenile spot was
estimated at 0.09 mg/l. The estimated 24 hour
LCs was 0.14 mg/1 and the 6 hour LCs, 0.28 mg/L.

Separate field studies on the spot, Leiostomus
xanthurus, found up to 40 percent of juveniles from
the 1973 year class exhibited deformities in the
vertebral column. These abnormal forms' are iden-
tifiable as a distinet year class in 1975 population
samples from the James River, (Labbish Chao,
personal communication). ‘ :

A study of the effect of chlorinated sewage
effiuents on sockeye salmon, Onchorhynchus nerka,
arid pink salmon, O. gorbuscha, has been conducted
by Servizi and Martens (1974). They used three
study sites to conduet cage bioassays. The first,
Site I, was adjacent to & primary treatment plant
with effluents chlorinated following settling and. dis-
charged through a 600-foot pipeline directly into
the receiving stream. Site II was on a stream
receiving wastes from an activated sludge plant in
which chlorinated effluents were discharged into a
large effluent holding lagoon and retained from 30
to 60 days. Site I11 was located on a stream receiving
effluents which were chlorinated as they left a.
non-aerated lagoon. -

Measured chlorine vresiduals in the recelvmg
streamn at Site I ranged from 0.02-0.26 mg/1. These
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concentrations resulted in 100 percent mortality of
caged sockeye fingerlings placed 30, 60 and 250 feet
below the effluent discharge point. Additional tests
indicated that the primary effluent without chlorina-
tion was also toxic. However, fish exposed to the
unchlorinated effluent lived 10 times longer than
ones exposed when efftuents were being chlorinated.
Toxicity of the unchlorinated efluents was attributed
to MBAS and ammonia.

Tests at Site II indicated that chlorinated
effluents retained for 30 to 60 days were not toxic
to sockeye fingerlings and alevins and pink salmon
alevins after 26 days of exposure.

In tests at Site III, with fingerling sockeye
salmon, chlorinated sewage effluents {measured
0.85 mg/1) resulted in 50 percent mortality after
48 minutes. Fifty percent mortality occurred after
13 hours of exposure to the unchlorinated effluents.
Sublethal exposures of fingerling sockeye salmon to

the effluents from Site III (1-3 hours of exposure .

to 0.22 mg/l) resulted in gill damage, including
hyperplasia, swollen epithelial cells, and separation
of epithelium from pillar cells.

The toxicity of chlorine and heat to pink, Oncor-
hynchus gorbuscha, and chinook salmon, 0. ishawyl-
sche, has been determined by Stober and Hanson
(1974). Juveniles of each species were tested in sea-
water at five chlorination concentrations, ranging
from 0.05-1.0 mg/l, and four temperatures from
t 0-10°C. Salmon were exposed to each matrix for
7.5-60 minutes. A decrease in the tolerance of both
species to chlorination was observed with inecreased
temperature and exposure time. The most toxic ef-
fect was observed at a t of 9.9-10°C where the LTy
(lethal time for 50 percent mortality) ranged from
approximately 10 minutes at 0.5 mg/l for chinooks
to 80 minutes for pinks.

Meldrim et al. (1974) in flowing water bioassays
studied the effect of chemical pollutants on estuarine
organisms. They found that white perch, Morone
americana, consistently avoided levels as low as 0.08
mg/l at temperatures from 7-17°C. Silversides,
Menidia menidia, also avoided 0.08 mg/l st tem-
peratures from 8-28°C but showed a preference for
0.08 mg/l when fish acelimated to 7°C were exposed
at 12°C. Mummichogs, Fundulus heferoclitus, and
hog chokers, Trinectes maculatus, avoided levels as
low as 0.03 mg/l.

Alderson (1972) found that the 48 and 96 hour
Tl of free chlorine for plaice larvae, Pleuronectes
platessa, was 0.032 and 0.026 mg/] respectively.
Eggs were not affected when exposed to 0.075 and
0.04 mg/1 free chlorine for 8 days, indicating that
the egg membrane gives considerable protection
over long periods. The 72 and 192 hour Tl. for
eggs was 0.7 and 0.12 mg/1 respectively.

Gehrs et al. (1974) tested the sensitivity of carp
eggs, Cyprinus carpio, to two of the compounds
identified by Jolley, 4-Chlororesorcinol and 5-Chloro-
uracil. Significant reductions in the hatchability of
non-water hardened carp eggs were observed in
concentrations of each compound as low as 0.001
mg/1.

In California, Young (1964) observed tumor-like
sores around the mouth of white croakers, Genyone-
mus linealus, collected near the Hyperion sewage
cutfall in Santa Monica Bay. While there was no
direct evidence to link the occurrence of lesions with
chlorinated sewage effluents, a general decline in
fitness of croakers and other species found in close
proximity to the outfall area was observed.
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ABSTRACT

The presence and effects of synthetic organic compounds is briefly reviewed with reference to the
recent liferature on the estuarine ecosystem. Pesticides and industrial toxicants are discussed in
general with some attention given to synergistic and modifying effects. Recommendations for
future research are made which include elucidating the effects of synthetic organics at the eco-

system level.

INTRODUCTION

For the purposes considered herein, the term
“synthetic organic compounds” refers to manmade
compounds and includes pesticides, polychlorinated
biphenyls (PCB’s), hexachlorobenzene (HCB) and
phthalate esters (PAE’s) as well as toxic contam-
inants of some of these, like chlorinated dibenzodi-
oxins and dibenzofurans.

The estuarine ecosystem has been variously defined
but for the sake of simplicity it will be considered as
that zone where fresh and salt water mix. This estu-
arine ecosystem serves a vital function in that most
marine finfish and shellfish depend on a high quality
estuary for some critical portion of their life history
(Clark, et al., 1969; Douglas and Stroud, 1971). In
addition, many salmonids and other anadromous
fishes spend a variable amount of time in this habitat
before ascending the rivers to spawn.

Unfortunately, the oceans are the recipients and
ultimate accumulation sites for persistent pollutants
like organochlorines (Dustman and Stickel, 1966;
Risebrough, et al., 1972). In fact, an estimated 25
percent, of all DDT applied to the land has found its
way to the sea (S.C.E.P., 1970). Risebrough and his
co-workers (1968a) indicate that 11 tons of DDT
per year are transported down the Mississippi River
to the Gulf of Mexico alone! Beeause of their unique
physical and chemical characteristics, estuaries
tend to be toxicant traps. The detritus which forms
the base of the estuarine food chain may contain
up to 50 ppm total DDT. Odum, et al., (1969), and
Woodwell, et al., (1967), estimated that total estu-
arine ecosystem levels as high as 14.7 kg/hectare
were possible.

DDT and other synthetic organics are termed
toxic when, because of their physical or chemieal
properties, they interfere with normal biological
functions. The interference can occur at any level,
whether it be as subtle as pesticide-induced decreased
growth in oysters or as gross as reproductive failure
in bald eagles or mass fish mortality. Naturally-
occurring toxic substances include resin from certain
plants and the toxins associated with red tide or-
ganisms. By far, however, most deleterious sub-
stances find their origin with modern-day man and

his efforts to promote “‘progress.”’

A logical breakdown of synthetic organic com-
pounds which are considered in this paper along
with available production and/or consumption in-
formation follows.

1. Pesticides are chemicals which kill organisms
identified as “pests” and include insecticides, fungi-
cides, piscicides, herbicides, miticides, etc. Insecti-
cides are commonly broken down into: (a) chlori-
nated hydrocarbons (organochlorines), like DDT, al-
drin, dieldrin, heptachlor, toxaphene, and chlordane;
(b) organophosphates, like malathion, parathion,
diazinon, and guthion; and (e¢) earbamates, like
Sevin and zectran. Fungicides include dithiocarba-
mates (e.g., ferbam and ziram), nitrogen containing
compounds (e.g., phenylmercuric acetate), triazines,
quinones, heterocyclics, and inorganics like the heavy
metals. Hexachlorobenzene (C¢Cly or HCB) is a
fungicide but is, in addition, used in organic synthesis
processes. Herbicides are quite varied with the most
common being the phenoxy acids like 2,4-D and
2,4,5-T. Frequently used aquatic herbicides include
endothal and diquat which are often used in com-
bination with a surfactant (like a detergent).
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Tahle 1.—U.S. production:of synthetic organic pesticides by class, 1967-1972*. In thousands of pounds.

1967 1968 1969 1970 1971 - 1972
FungicideS oo c e m ] 177,886 190,773 182,091 - 168,470 180,270 170,569
Herbicide: i 439,965 499,514 423,840 434,241 458,849 481,618
Insecticides, fumigants, rodenticidest..._. ] 503,796 581,619 580,884 495,432 564,818 ‘ 569, 157
Total 1,121,647 1,271,906 1,186,815 1,098,143 1,203,937 1,221,344

* Fowler, 1974.

t Includes small quantity of synthetic soil conditioners; does not include the fumigants carbon tet'rachloride, paradithlorobenzene or inorganic rode'nticides.

The U.8. production of the major synthetic or-
ganic pesticides is reproduced in Table 1. In 1971,
the production of synthetic organic insecticides in
the United States climbed nearly 14 percent from
the year before, reaching 557.7 million pounds, third
highest on record (Fowler, 1973). Insecticides ac-
counted for 49 percent of the tonnage of synthetic
pesticides produced. As one can see in Table 1, the
trend was reversed for 1972,

Table 2 reveals the domestic disappearance of
selected pesticides for the years 1966 through 1971.
Except for the aldrin-toxaphene group, there is a
fairly consistent downward trend. Domestic disap-
pearance of DDT, for instance, was 18.2 million
pounds in 1971, down more than 28 percent from
1970. The consumption of the aldrin-toxaphene
group continued its rise during 1972. Sales for that
group (not including Strobane®) soared to 140
million pounds for 1972 (U.S. Tariff Commission,
1974).

2. “Industrial Toxicants” is a eatch-all term that
has been variously subdivided. Polychlorinated
biphenyls (PCB’s) are chlorinated compounds which
find use in almost every sector of modern man’s
world and have recently come under close serutiny
(Peakall and Lincer, 1970). In the past, they have
been used in sueh diverse products as printer’s ink
to swimming pool paint; however, a voluntary cur-
tailment by Monsanto has restricted their use.

Tahle 2.—Domestic disappearance of selected pesticides at producers’ level,
United States, 1966-1971, In thousands of pounds. (Fowler, 1973),

Phthalate esters (PAE’s) were introduced in the
1920’s to overcome the problems of camphor in the
plasticizer industry. Major uses of PAE’s include
construction produets, automobile and home furnish-
ings, clothing, food coverings and medical produets.
Phthalates are also found in biochemical pathways
and several natural products such as poppies and
tobaceo leaves (Graham, 1973; Mathur, 1974). The
documentation that PAE’s were readily assimilated
into blood from plastic storage bags and other medi-
cal devices was the original basis for the fear that the
human population might be continuously exposed
(Anonymous, 1973).

PCB’s and PCT’s (polychlorinated terphenyls)
are produced under the trade name Aroclor® by
Monsanto in the United States. PCB production
peaked during the period 1967-1970 (Table 3). PCT
production shows a similar, but later, production
peak during 1970-1971. PCT's are no longer being
produced and the manufacture of PCB’s is directed
exclusively towards the heat transfer, transformer,
and capacitor sales categories. In an effort to over-
come some of the potential environmental problems

Table 3.—Production of palychlorinated hiphenyls (PCB’S) and polychlorinated
terphenyls (PCT’s) by Monsanto Industrial Chemicals Company for years
1959-1973. (Pers. comm., W. B. Papageorge).

Pesticide 1966% 1967 1968 19691 1970¢ 1971%

Aldrin-toxaphene

group™ o 86,646 86,289 38,710 89,721 62,282 85,005
Calcium arsenate{ 2,942 2,329 1,992 2,117 2,900 2,457
Copper sulfate__.{ 104,020 | 85,274 | 87,452 | 99,840 | 77,344 70,272
[} 15 [ 45,603 40,257 32,753 30,256 25,457 18,234
Lead arsenate____| 6,944 6,152 4,747 7,721 5,860 4,142
24D 63,903 | 66,955 | 68,404 1 49,526 | 46,942 32,174
24,5 T 17,080} 15,381 | 15,804 3,218 4,871 1,389

* Year ending September 30.
+ Year ending December 31.
¥ Includes aldrin, chlordane, dieldrin, endrin, heptachlor, Strobane® and toxaphene.

v U.8. Production (Thousands of Pounds)
e PCB's PCT’s

1989 . ] * 2,996
1960 e ] 37,919 3,850
1961 36,515 2,322
1962 38,353 4,468
1963 44,734 4,820
1964 . e 50,833 5,288
60,480 6,470

65,849 8,190

- 75,309 9,450

82,854 8,870

76,389 11,600

85,054 17,768

b5 34,984 20,212
1972 e e 38,600 8,134
1973 42,178 **

* Data unavailahle.
#k Production terminated in April, 1972,
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of existing biphenyls, Aroclor 1016 was produced.
Approximately 23.5 million pounds of Aroclor 1016
were sold domestically in 1973. The 1973 sales for
Aroclors 1221, 1242 and 1254 were recorded at 0.04,
6.20 and 9.98 million pounds, respectively. All other
PCB’s showed no domestic sales (personal communi-
cation, W. B. Papageorge).

“Plasticizers” are obviously produced by a variety
of manufacturers, however, phthalates (DOP,
DIOP, DIDP and linear) are the major groups con-
sumed (Table 4). During 1972, production of phthalic
anhydride esters totaled 1,145,693 pounds and sales
followed closely at 1,138,493 pounds (U.8. Tariff
Commission, 1974).

PRESENCE OF SYNTHETIC ORGANICS
IN ESTUARIES

Pesticides

Considering only the organochlorine pesticides,
DDE (the major breakdown produet of DDT) is
probably the most widely distributed in fish and
wildlife (see Appendix A). Being lipophilic (i.e.,
“fat-loving”), DDE like other organochlorines is
not very soluble in water but accumulates in the fat
of organisms (for overview, see Table 1 in reference
entitled EPA, no date). Organochlorine pesticides
are passed from prey to predator with little lost by
way of excretion. This biological magnifieation with
each transfer from one food level (i.e., trophic level)
to the next results in animals at the tops of food
chains acquiring inordinate amounts of these poisons
(Woodwell, et al., 1967). For instance, DDE con-
centration reached 1,100 ppm (parts per million) in
the fat of brown pelican eggs collected off the coast
of California and 1,000 ppm in the eggs of the white-
tailed eagle collected in the Baltic (Risebrough,
etal., 1972).

Organochlorine pesticides are readily accumulated
by shellfish and this characteristic has been taken
advantage of to characterize the geographiec distri-
bution of pesticide contamination. As part of the
National Pesticide Monitoring Program by EPA
(Butler, 1973), shellfish were collected from coastal
zones of the United States. Analyses of over 8,000
samples for 15 persistent organochlorines showed
that DDT-type residues were ubiquitous, with the
maximum DDT level at approximatlely 5 ppm.
Dieldrin was the second most commonly detected
compound with a maximum of 0.23 ppm. Other
organochlorine pesticides found ocecasionally which
are also extremely toxic to estuarine life, included
endrin, mirex and toxaphene.

Although most organophosphate and carbamate

Tahle 4.—Consumption of plasticizers by type (in thousand metric tons)*.

Piasticizer 1972 1973 1974

Adipates. o] 28.0 28.4 27.3
Azelates. 6.8 7.2 7.3
DOP/DIOP/DIDP..c oo 345.0 379.5 363.6
[2:0) 4 4 50.0 56.8 59.1
Linear phthalates..caocaeo .4 109.0 125.5 143.2
Polyesters._..oooronccanaaa-d 22.7 25.4 24.1
Trimellitates. ..o ceoocmoaee J 8.1 8.5 10.5
Others. oo cccmaaaceeee 110.0 113.0 113.6

Total. oo o] 679.6 744.3 748.7

* Source: Anonymous, initialed R. M, (1974).

pesticides are advertised as short-lived, there is
evidence that some may not be. In an application of
carbaryl (Sevin) at rates comparable to those used
to control oyster pests, the chemical could still be
detected in the mud 42 days post-treatment (XKar-
inen, et al., 1967). Similarly, 14 days after a standard
ground application of malathion, the organophos-
phate could still be found in the estuarine plant
Juncus (Tagatz, et al., 1974).

The fungicide hexachlorobenzene (HCB), has
recently been reported in several species of fresh-
water and some species of anadromous fish including
coho salmon from Michigan and striped bass from
Maryland and Florida (Johnson, et al., 1974).

Industrial Toxicants

Polychlorinated biphenyls (PCB’s) are as widely
distributed as DDT. Because of similar molecular
shape and composition, the physical and chemieal
properties of PCB’s also confer the same lipophilie
characteristic that allows biological accumulation
and food chain magnification.

Estuarine organisms like fiddler crabs and shrimp
readily pick up PCB’s from the sediments (Nimmo,
et al., 1971a) and filter-feeding oysters accumulate
these chemicals, like organochlorine pesticides, from
the water (Lowe, et al., 1972).

Like the organochlorine pesticides, PCB’s accumu-
late to high levels in organisms representing the tops
of food chains. Fat from the eggs of California brown
pelicans contained 200 ppm PCB’s while similar
samples from the Baltic white-tailed eagle contained
540 ppm (Risebrough, et al., 1972).

An ever-increasing list of industrial toxicants has
been found in our waterways. Phthalate esters have
been found in water collected from the Charles River
in New England. Levels of 0.88-1.9 ppb were re-
ported with higher levels associated with increasing
distances upstream (Hites, 1973). Mayer, et al.,
(1972), reported on PAE’s in selected samples from
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North America. They found from 0.09 ppb DNBP
(di-n-butyl phthalate) in Missouri River water to
200 ppb in Mississippi River channel catfish and 500
ppb in tadpoles. Similar values for another phthalate,
DEHP (di-2-ethylhexy! phthalate), were 4.9, 400
and 300 ppb. These residue levels were roughly com-
parable to PCB levels in the same samples.

Although the above rivers drain directly into
estuaries and one suspects that phthalates, like other
adsorbed toxicants, would “salt out’” upon reaching
the saline environment, apparently no published re-
search on phthalates has been directed towards that
habitat.

Although the preliminary work of Bowes, et al.,

(1973), was directed at determining levels of chlori-
nated dibenzofurans and dibenzodioxins in wildlife
populations exhibiting embryonic mortality, it did
not reveal either of these two compounds. However,
they reported hexachloronaphthalene in gull eggs
but no chlorinated compounds of interest in sea lion
samples.

BIOLOGICAL EFF'ECTS OF
SYNTHETIC ORGANICS
ON ESTUARINE LIFE

Pesticides

Organochlorine insecticides have been shown to
interfere with almost every level of biological fune-
tion tested in marine life (see Appendix B). Levels of
DDT in the water as low as 0.001 ppm caused marked
reduction in oyster growth (Butler, 1966a) and high
levels of organochlorines have been associated with

teratogenic effects in terns (Hays and Risebrough,

1972) and premature births in marine mammals
{Delong, et al., 1973).

Some organochlorines, like Mirex, a chemical used
to control the imported fire ant, Solenopsis saevissima,
in the southeastern states, are particularly toxic to
estuarine organisms. For example, juvenile shrimp
and crabs died when exposed to one particle of mirex
bait; and 1 ppb (part per billion) mirex in seawater
killed 100 percent of the shrimp exposed (Lowe,
et al., 1971a). Similarly, 0.1 ppm dietary dieldrin
brought about maladaptive behavior in fiddler erabs
(Klein and Lincer, 1973). ,

Some urea herbicides, like Diuron, significantly
inhibit the growth of marine algae at levels as low
as 1 ppb (Walsh and Grow, 1971) and a few parts
per million of DDT, dieldrin or endrin is enough to
reduce phytoplankton photosynthems (Wurster,
1968; Menzel, et al., 1970).

Hexacblm obenzenc has been shown to be especially
toxic to birds under laboratory conditions (Vos,

Table 5.—Relative sensitivity of typical estuarine organisms to three major
groups of pesticides. Higher numbers reflect greater sensitivity. Reworked
from Butler, 1966h. '

Pesticide Type
Organism —
Herbicides Organophosphates | Organachlorines
Plankton. . .__..] 1 0.5 3
Shrimp.o oo 1 1,000 300
Crabo oo 1 800 100
Oyster. . oo 1 1 ' 100
FiSh. - emmemcmccmmen ] 1 2 500
et al., 1968), but no tests on estuarine species have .

been reported to the author’s knowledge.

The sensitivity of a particular taxonomic group to
any particular toxicant will vary appreciably.
Although toxic to crustaceans, the carbamate Sevin.
is fairly nontoxic to fish and mammals (Lowe, 1967).
In very general terms, Table 5 (reworked from But-
ler, 1966b) displays the relative toxicities of dlfferent
pestlclde groups to estuarine fauna.

In a tox101ty test which included 12 insecticides
and seven species of estuarine fish, the descending
order of toxicity was: endrin, DDT, dieldrin, aldrin,
dioxathion, heptachlor, lindane, methoxychlor, Phos-
drin, malathion, DDVP, and ‘methyl parathion
(Eisler, 1970). For a more comprehensive listing of -
the toxic effects on estuarine life, by pesticide, the
reader is encouraged to read Appendlx Table 3 of
EPA, no date.

Cahfornla seems to have taken the lead in 1963 in
describing the presence and effects of pesticides
relative to water quality criteria (MeKee and Wolf, .
1963). This precipitated many studies and many -
questions. Perhaps the most important question a
decision-making politician or coastal-zone admini-
strator ought to ask with reference to toxic dis-
charges is “How much should be allowed in our wa-
ters and what chemicals should not be applied at all
near the estuaries?”’ Attempts have been made to
answer these and similar questions. The National
Technical Advisory Committee to the Secretary of
the Interior (1968) zoned in on this topic and recom-
mended that the following organochlorines not be
applied near the marine habitat because of their
extreme toxicity:

Aldrin DDT

BHC Dieldrin
Chlordane Endosulfan
Endrin Methoxychlor
Heptachlor Perthane -
Lindane TDE
Toxaphene
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Mirex also has been 'shown to be exceptionally
toxic to estuarine invertebrates like shrimp and
should be considered in this category. Hexachloro-
benzene is particularly toxie to birds (Vos, et al.,
1968) and deserves special attention around
rookeries.

A similar list for organophosphates included:

Fen’chion
Naled

Parathion
Ronnel

Coumophos
Dursban

The above organochlorines and organophosphates
are acutely toxie at concentrations of 5 mg/1 or less
and should not be permitted to exceed 50 nano-
grams/l. The next group they discussed is generally
not quite as toxic but should not be allowed to ex-
ceed 10 mg/l in estuarine waters. This group in-
cluded:

Arsenicals 2,4 ,;5-T compounds
Botanicals Phthalic acid compounds
Carbamates Triazine compounds

2,4-D compounds = Substituted urea compounds

This kind of information and guidance as to allow-
able levels of these and most other common toxicants,
including radionuclides, heavy metals, PCB’s, et
cetera, is presently being updated by the Environ-
mental Protection Agency (see National Academy of
Science and National Academy of Engineering,
1972). :

Industrial Toxicants

A great deal of research has been carried out on
the effects of PCB’s on estuarine life (Appendix B).
Perhaps most of it has been done at the EPA Gulf
Breeze Laboratory. PCB’s have been shown to
significantly decrease oyster growth at levels as low
as 5 ppb (Lowe, et al., 1972) and be lethal to shrimp
at 1 ppb (Nimmo, et al., 1971b). Duke, et al. (1970)
showed that crabs concentrated the PCB Aroclor
1254 and 72 percent of the shrimp exposed to 5 ppb

died after day 10. Hansen, et al. (1974a) demon~

strated that estuarine fishes and shrimp  displayed
varying degrees of avoidanee to the same PCB at
levels 0.001 to 10 ppm. Bioassays with Aroclor
1254 indicated that 5 ppb caused mortality to
estuarine fish and the effeét was delayed (Hansen,
et al., 1971). In response to the change in emphasis of
PCB production and subsequent increase in Aroclor
1016 manufacture, Hansen and co-workers (1974b)
established the acute 96-hour LCs's for estuarine
shrimp, fish, and oyster..

The biochemical effects of PCB’s have also come
under scrutiny. Keil, et al. (1971) tested the
effects of Aroclor 1242 (0.01-0.1 ppm) on marine
diatoms and found that it inhibited growth, RNA
synthesis and chlorophyll produetion. Aroclor 1221
has been shown eapable of impairing osmoregulation
in the killifish at relatively high levels (7.5-75 ppm)
by Kinter, et al., (1972).

Although no work has apparently been done on
the effects of PCB’s on estuarine fish-eating birds,
some data are available on ducks. Friend and Trainer
(1970) showed a marked influence of Aroclor 1254
on the duck’s susceptibility to viral infection. Heath,
et al. (1972), testing a series of PCB'’s, revealed that
toxicity was positively correlated with degree of
chlorination and Haegele and Tucker (1974) estab-
lished the effect of 1254 on eggshell thinning.

Very little toxicological work has been done with
dioxins, dibenzofurans, and phthalates and nothing
has been directed at the estuarine habitat, to the
author’s knowledge. Miller, et al. (1973) reported
on the effects of tetrachloro-dibenzo-dioxin (TCDD)
on various aguatic organisms. Approximately 50
percent of the young coho salmon exposed to 131
mg/1 died by day 20. They also showed a marked
growth inhibition by TCDD on both salmon and
rainbow trout.

Zitko and his colleagues (1973) reported on the
acute and chronic oral toxicity of chlorinated di-
benzofurans to immature brook trout. They con-
cluded that 2,8-dichlorodibenzofuran has a low acute
toxicity to that species since even a high level of 122
mg/kg produced no mortality.

Work on phthalate esters has been limited to
freshwater or anadromous organisms. In an effort to
establish LC; values for freshwater organisms,
Mayer and Sanders (1973) reported DNBP to be
less toxiec to rainbow trout (96-hour LCs = 6.5
mg/1) than to the other fish tested. Phthalate esters
are metabolized by freshwater fishes (Stalling, et al.,
1973) and both DEHP and DNBP are apparently
not acutely toxic to freshwater invertebrates;
Sanders, et al. (1973) reported that although in-
vertebrates rapidly accumulate these compounds,
their 96-hour TLse (2.1 — > 32 mg/1) is appreciably
greater than DDT, by comparison. However, the
TTLs, values for aquatic organisms are 700 to 11,000
times that which inhibited reproduction in one of
the invertebrates tested (water fleas).

Synergism and Modifying Effects
No report, however brief, on the effects of syn-

thetic organics on estuarine life would be ‘complete
without including the area of synergistic effects and

/
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modifying factors. The term ‘“synergism”, un-
fortunsately, has many definitions. For our present
needs, we will consider it to mean more than the
anticipated additive effects.

This subject has been addressed in depth elsewhere
(Livingston, et al., in press) however, a few examples
particularly germane to the estuary will follow.
Once again, most work in this area has been done in
freshwater, however, Lowe, et al. (1971b) reported
that oysters exposed to a mixture of 1 mg/l each of
DDT, toxaphene and parathion showed reduced
growth and histopathological effects. When these
mollusks were exposed to the individual pesticides,
similar results were not observed.

Eisler (1970) reported on the modifying factors
affecting the toxicity of organochlorines and or-
ganophosphates to the mummichog, an estuarine
fish. The toxieity of organophosphates inereased with
increasing temperature and salinity and deereasing
pH. The toxicity of organochlorines was greatest at
intermediate temperatures (20-25°C) and least at
an intermediate pH (7-8). Salinity had Lttle effect
on organochlorine toxicity.

Nimmo (1973) reported that sublethal levels of
the PCB, Aroclor 1254, became lethal to estuarine
penaeid shrimp when the test organisms were
stressed by reduced salinity. Since this species is
migratory and experiences a wide variation in sa-
linity, this finding is particularly significant.

The effeet of temperature may be of paramount
importance in modifying the toxicity of pesticides to
estuarine invertebrates. For example, Koenig, et al.
(in preparation) found that blue crabs contami-
nated with DDT did not die in 8 field experiment
until a cold front caused significant reductions in
water temperature.

Effects of Synthetic Organics
at the Estuarine Ecosystem Level

With all due deference to the title of this report,
pitifully little research has been addressed to the
ecosystem level. Although a variable amount of
effort has gone into testing the effects of particular
toxicants under field conditions (see Appendix C),
this is still not approaching the problem on the
ecosystem level.

Odum and others have developed methods for
simulating ecosystem energy and material flow on
analog computers, but this approach is still twice-
removed from reality. On the other hand, such
models often indicate what types of informstion are
lacking and also have the advantage that the effects
of even extreme manipulations can be tested through

many generations or seasonal cycles without any’
damage to the real world.

Even at the community level, little has been done
with respect to the effects of synthetic organics. A
variety of community parameters have been sug-
gested as reflectors of a coromunity’s health. Mar-
galef’s “species richness” and Peilou’s’ “species di-
versity and evenness” are but a few. Researchers are
only now finding out that many of these parameters
are nob the panacess they thought they were. The
main problem lies with trying to use these techniques
out of the context for which they were originally
intended.

If it is possible to consistently and accurately
describe some ecosystem parameter, then it ought to
be theoretically possible to quantitate a change in
that parameter. The absence of this kind of effort in
the estuarine and other habitats is merely a re-
flection of our current inability to describe such
changes, not evidence of its non-existence.

RECOMMENDED RESEARCH

It goes without saying that there are existing pro-
grams that have to continue. One such program is
the National Pesticide Monitoring Program. It is
also imperative that we have an established frame-
work, like the one at the Gulf Breeze Laboratory,
whereby chemicals which come under public seru-
tiny, can be quickly tested.

As an overview, emphasis in future research should
be given to determining the significance of the resi-
dues being reported in the literature. This can be
accomplished by stressing the diagnostic aspects of
experimentation during the planning stage and en-
couraging toxicological studies that have direct
relevance to the real world.

In this light, the area of field-testing toxicants
has progressed in a manner that refleets individual
idiosynerasies and the idiomatic characteristics of
the funding and/or research organization (Appendix
C). Efforts should be made to, at least, roughly
standardize field-testing techniques with a keen
awareness of the possible modifying and synergistie
effects that one will encounter in the estuary. Inter-
pretation of field exposures will require coordinated
efforts in the laboratory under less real, but more
controlled, conditions. It is only there that statis-
tically and logistically complicated designs can reach
fruition and elucidate specifie modes of action,
synergy, latent effects, food-chain magnification,
and so forth.

On the gobal scene, interdisciplinary efforts should
be made to more thoroughly characterize the ki-
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netics, marketing patterns, and use of widespread
synthetic organic compounds, like phthalate esters,
other plasticizers, chlorinated dibenzofurans, and
dioxins and HCB. We need to know more about
their environmental kinetics, especially their metab-
olism in soil and water.

As to specific chemicals that need experimental
attention, PA¥’s, HCB, dioxins and dibenzofurans
are high on the list.

PAR’s are widespread in freshwater fish with
higher residues appearing to be associated with in-
dustrial areas (Stalling, et al., 1973). They have
been shown to be more toxic to aguatic organisms
than warm-blooded animals. These esters disturb
reproduction and growth in aquatic invertebrates
and fish yet nothing is known about their effects on
estuarine speeies.

Although not widely reported in the literature,
HCB has been found in environmental samples
{Holden, 1970). In view of the possible analytical
eonfusion with benzene hexachloride (BHC), HCB
may be even more widespread. With this potential
and the documented toxicity of this eompound to
birds in mind (Vos, et al., 1968), the effects of HCB
on fish-eating birds is of concern. .

Initial work with the dioxin TCDD indicates
important effects on the growth and reproduction
of anadromous and freshwater species {Miller, et al.,
1973). Again, ncthing is known about the effects
on estuarine species.

Dibenzofurans were not particularly lethal to the
trout they were tested on (Zitko, et al., 1973), how-
ever, nothing is known about their sublethal effects.
In addition, beeause of different osmoregulatory
mechanisms, the effects on euryhaline species may
be considerably different. .

As to the level of emphasis and the parameters
that need atitention, efforts should be made to
characterize effects at the ecosystem and/or com-
munity level. This is the final biological-physieal-
chemical integration that will reflect individual
perturbations at any sublevel if, in fact, they are
significant. As a prelude to this, more intensive
research is necessary on the sublethal effects, with
special emphasis on behavior and biochemistry. In
terms of the experimental design of laboratory
studies, more attention should be given to synergistic
effects and latent responses. With reference to the
former, research aimed to elucidating the modifying
effects of sewage and storm runoff is long overdue.
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N

DDT, DDE, DDD, BHC, heptachlor

Atlantic fish_....___. el
Fish estuarine. ..o e

Atlantic fish...__._._. ammand

Processed and unprocessed |

Canadian fish_.____._..___|

Many species. . vuomcmmnnnnd]
Many specieé..-.-_‘__.'...-;.

Groupers; Gulf of Mexico and|

Rah.

chlordane methoxychlor, dleldnn
endrin, DDE, DDD DDT

DDE, DDT, DDD hexachlorobenzene

DoT

DDE

MAMMALIA
Delphin e e
Dolphin and $eaf. ... oot

Bald eagle._: ___________ e
Seabirds; North Atlantic _____
Seabirds and their predators_.
Bald eagle and eggs_.; ..... -

Bald eagle and golden eagle..

Sea birds (Britain)

DDE, BOT

DDT

dieldrin, DDF, DDE, TDE

DDE, DDD

DDT, DDD
DDT
DT

DDE, dieldrin

DDE, DDD, dieldrin, DCBP, endrin, |

heptachior

DDT, DDE.
DD, HEOD

Sea birds and eggs_ oo}
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DDE, dieldrin

PCB's -

Aroclor 1254

Aroclar 1242, 1254, 1260

Pherioclor DP6

E

‘Phthalates
{peps- .
"} Aroclor. 1254

Aroclor 1260
HCB

‘PCB

Arocllor 1254

PCB

b

1pcB

.] Aroclor 1252

Aroclor 1254

Gauses spawning failure
Residue greater in industrialized coastal area

Appears to have no effect on juvenile stage—
(pinfish)

Residues up to 16 ug/g
Highest concentration in coastal fish
Mortality following tidal ditch spray

Bottom dwellers contain higher concentrétiun
than pelagic

Higher. concentration in surface swimmers
Fatal to predators at dlfferent trophic Ievels

Lower chlonnated PCB's more frequent in fsh
than birds

1
\ i

Low levels were found in 21 samples of fish

ayailable to the Canadi

Compitation of residue data

Geographic comparisons

Geographic comparlsons

Reported 0.002 ppm (salmon eggs)—0. 11 ppm
(menhaden oil)

Corrcentrated in blubber
Largest.amounts in biubber

Level consistent throughout all parts of body

Caused death"

Present in nonmlgratmg Archc brrds

Data on DDT /PCB ratios B
From many areas around North America )

Higher tevels in bald eagles

Deformities in young
Seasonal variation

Highest residues in freshwater fish-feeding
* bitds ;

Jensen, et al.,

Moore & Tatton, 1965

*| Butler, 1968 *

1969
Duke, et al., 1970

.{ Butler, 1968

Risebrough, et al., 1967
Craker & Wilson, 1965
Duke & Wilsan, 1671

Zitko, 1871

. Butler, 1966¢

Koeman, etal., 1960

Williams, 1973

Ly ol

‘thko & Ch0| 1971
‘Rlsebrough & de Lappe, 1972

Giam, et al., _197_4

Johnson, et al., 1974

Butler, 1966¢
Holden & Marsden, 1967

Jensen, et al., 1969

‘| Reichel, et al., 19692 "

Bourne & Bogan, ‘197'2 h
Risebrough, et al 1968b
Wiemeyer, et al 1972 »
Reichel, et al., 18650

Hays and Risebrough, 1972

| Robinson, et al., 1967

Prestt, et al,, 1970

§ .-
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Taxa

Pesticides

Industrial Toxicants

Comments

Reference

Brown pelican eggs......——__
British sea birds___.._____.]
Sandwich tern_ ... _.....__.]
Birds and eggs. . cocauamn i

Brown pelicans, petrels and
shearwaters_ ... ._._____.

Gull eggs.—.--- R
Eggs of Florida fish-eating
Brain and eggs of endangered

petrel o ooooieaiooaol

Bald eagles o ccomomcmen]

Many -species - of ‘fish-eating

Heron egg, Britajn.__; .......
British seabird eggs}.-._.;_._

Sea birds. oo

Pacific sea birds_...o_...___

Swedish sea birds.._....__..

Birds and egés, Luhé Islaﬁd,
|13

MOLLUSCA

Mollusks, Britain....

Oysters. .o

Mussels. oo
Oysters..ocuanan o ik ]

Oysters. oo
Mussels__...._.. semmmaan
Qysters, clams, musseis,snails
PLANKTON '

Phytuplar_lktnr;._.._.._.-;-_.
Zuuplanktun._--.__-_,...l- -
CRUSTACEA

Sandcrab- e

Crayfish and shr'im'p _________ -

DDT
DDE .
telodrin, dieldrin, endrin, DDE

DDE, DDT

DDE

DDE, dieldrin.

DDE

DDE

DDE

b

dieldrin, DDE, DOT, BHC, heptachior
DDT, DDE, DDD
DDT, DDE, DDD

DDE, DDD

DDT and its _metabolites, dieldrin

dieldrin, DDT, DDE, DDD, hepta-

- chlor, BHC.;
DDT
DDE, bDD

bDT

DDT
DDT, DDE, DDD, dieldrin

DDT, DDD, DDE
DDT, DDE, DDD

DDT, DDE, DDD

PCB

| pcB

Phenoclor DP6
Phenocior DP6-

Araclor 1254

“| Aroclor 1254

PCB's

Aroclor 1254

Aroclor 1254
PCB's
Pcé's }

poB

PCB

.

PCB's

" Aroclor 1254

PCB

|

' Arocl.or 1254

Eggshells thin
More.PCB_’_s than organochlorines

Population decline due to pesticides

| Some parts of mixtuse mg"(abolized

Geographic comparisons

No dioxins nor benzofurans found in-€ggs and
tissug . .

Hexachloronaphthalene present but no dioxing
nor benzofurans found

2-20 ppm (0D) DDE; 1-161 ppm PCB

0.23-0.38 ppm (OD) in eggs

Confirination by mass spectrometry
Compilation of residue data

Compilation of residue data aﬁd‘cumpdrison of
DDE residues to eggshell thickness
Application of rﬁass specirhfnetry

Higher levels in eggs of larger birds

“Biological magnification”

Residfxe levels higher id California birds than
northern migrants

“Bialogical magnification”

Residués in eggs of fish-eating birds

[ .
Traces present in all mollusks tested”
I

Rate-of shell growth indicator of pollution level

Lower average concentration in less indus-
trialized area i

Shell growth of juvenile-completely. intiibited
_upon exposure

A good monitoring organism

Amounts varied with proximal land use

a

Concentrations tripled 1955-1969

Low residues shown for low trophic leve!

‘Goriventrations due not only to agriculture

usage but industrial waste disuha!ge, DT

plant) .

Concentrate rapidly to equilibrium

Schreiber & Risebrough, 1972
Holmes, et al., 1967
Koeman, et al., 1967

| Koeman, et al,; 1969

Risebrough & de Lappe, 1972
Zitko, et al., 1972

Bowes, et al,, 1973

Lincer & Salkind {sic), 1973

King & Lincer, 1973
Bagley, et al., 1970

Zitko & Choi, 1971
Keith & Gruchy, 1972

Richardson, ot al,, 197'1
Moore & Tatton, 1965 k
Woodwell, et al., 1967

Risebrough, et al., 1967

Jensen, et al,, 1969

Foehrenbach, 1972

Moore & Tatton, 1965

Butler, 1969
Jensen, et al., 1969

Duke, et al., 1970

Butler, 1968
.Koeman, et al., 1969
Foehrenbach, 1972

A

B

Cox, 1970
Woodwell, et al., 1967

Burnett, 1971

Sanders & Chandler, 1972
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Tara Pesticides Endustcial Toxicants Comments Reference

ShUipP. v e e cercmna] | BDT, DDE, BRD Sensitivity correfated to substantial reduction ] Woodwell, et al,, 1367
in population

Shrimp, crabs. ..o Araclor 1254 Higher concentration than oysters Duke, ef at., 1970
Fiddler crabs. . o ovoee e DDT, DBE, DDD, dieldrin Residue levels in Uca Feehrenbach, 1972
MISCELLANEQUS
Aquatic insect laivae.._.____ | Aroclor 1254 Failed to metamarphose to adult stage Sanders & Chandler, 1972
Sea urchin, seafl__ ... DDT compounds All insecticide in gonads of sea urchin Risebraugh, et al., 1367
Waler & sediment___________ Aroclor 1254 A gradient with distance from pollution saurce | Duke, et al., 1970
Suspended organic maller;

San Franeisco Bay.._....._. Phthalate esters Utilization of mass spectrometiy methods Simoneit, et al,, 1973
Crown of therns; Pacific___.. | PCB (similar to 1258) Estimated levels of 0.02-0.05 ppm McCloskey & Deubert, 1573
Green sea turile eggs; South

Atlantic_.______________J] 1242, 1248, 1254 D.Z;BE.SI ppm PCB (lipid basis); ND-0.08 ppm § Thompson, et al., 1974
River water; New England._._] Phthafate Reparted €.9-1.9 ppb ! Hites, 1973

[ SRR

-3




APPENDIX B

Effects of Synthetic Organic Compounds an Estuarina Crganisms

Organochiorine insesticides

Treatment Taxa
Observed Effects Reference
Seven pesticides; .} o 5 ppb; 5 year menitering - | clams Different species fake up pesticides at specific rates. Sublethal Yong| Butler, 1971
oysters range effects more significant than acute toxicity.
Endrin, aldrin, heptachlor aysters Linear relation hebweer concentration and sheli growth. Butler, 1965
Dieldrin, kepone oysters Sharp threshold of toxicily refative to shell growth.
DDY, 1 ppb clam No effects for 3 menths. 3094 martality 4th month.
DDT-toxaphene, parathion—iogether and sepa- | oysters 109 less bedy weight. Tissue changes, loss of resistance to parasite, | Lowe, et al, 1971h
rately, <3.0 ppb :
12 pesticides ranging from lindane, 9.10 ppm to | oyster eggs & farvae | 5093 of egg# develop normally at given concenteations. Davis & Hidy, 1969
CoRal 0.11 ppm
12 pesticides ranging from lindane & aldrin <10} clam eggs Same as ahave.
pp, 1o N3514, <1.0 ppm
DDT >1ppm ayster Remain closed or show dic shell m ts at higher levels; | Buller, 1966a
<1 ppm decrease in shell deposition at lower levels.
DOT in ol spray, .2-L.6 [h/A isopods High mortality. Sptinger, 1961
amphipads Righ mertadity.
prawns High mertality.
0.3t 0.8 1bfA blue crab 10-106% mortality.
Repeated applications spidets High mortality.
crabs High mortality.
insects High mortality.
marsh crabs Resistant.
red mites Not affected.
fish Some deaths.
molluses Mot affected.
snails Not affected.
turtles Not affected.
frogs Not affected.
mammals Not affected.
Aldrin 0.2 b /A fnsects More affected than by DOT. Springer, 1951
prawns Less affected than by BRT.
crabs Less affected than by DOT.
fish Less affected than by DDT.
Gamma BHG 0.2 th A crabs Most toxic insecticide tested.
DBT—2 ppm fed fish 50%; mortality. DBT in dead laboratory animals less than in seemingly { Butler, 1566¢
shrimp healthy ones in field.
DDY 1-500 ppb phytoplankton Photosynthesis reduced. Wurster, 1968
BDTO.2th/A fish Same martality among animals that could not avoid pesticides.
crabs
Strobane 0.3 (b /A 3 species Same as DDT.
ceabs
BHG 0.1 1b/A fiddler crabs Fiddler crabs lost ability 1o estape predators. George, et al., 1957
DOT in oil spray, .3 ta 16 b /A snakes High moenrtality following symptoms of poisoning. Herald, 1549
amphibians
{izards
turtles
Dieldrin, .0006 to .012 ppm Killed by 72 heurs. Raised serum glutamic oxaloacetic transaminase | Lane & Scura, 1970

saitfin molly

to 1500 to 1700 units.

439



440

EstuvariNe PorruTrion CoNTROL

Organochlorine Ensecticides

Treatment Taxa
. QObserved Effects Reference
.003 ppm | Survived to 120 hours. Raised SGOT fo 6006-11,954 units,
Dieldrin .012 to .003 ppm sailfin molly 100% mortality 1st to 31st week, Lane & Livingston, 1970
.0015 and .0075 ppm More than half survived to week 34; growth and reproduction ad-
versely affected. ’
Aldrin & dieldrin fiddler crab ' Selectively infibited cholinesterase activity in homogenized tissues. | Guilbault, et al,, 1972

DDT 1.0 ppb /2 wks
0.1 ppb/5 wks

DDT, endrin 0.1 to .00001 ppm
DDT 50 ppm

Mirex, I-5 particles of bait in standing sea water
or Mirex in flowing sea water 1.0 to 0.1 ppb

DDT 2-5 pg/g

DDT <1 ppm
DDT 2-4 ppm on food
DDT in flowing sea water 0.1 ppm
0.05 ppm
DDT in flowing sea water 10 ppb
DDT 0.05 ta 0.17 pph
0.12 to 0.20 ppb
Mirex .001, .1, 1.0 & 10 ppb
DDT 10 ppm on detritus

Toxaphene
DDE

DDE, dieldrin
DDT group, dieldrin, heptachlor, toxaphene
DDE

Dieldrin; .1-50 ppm

trout
crayfish tissues

fish
minnows
eel intestine

juvenile shrimp
juvenile shrimp
juvenile blue crab
fiddler crabs

fish

shrimp

crab

fish
pinfish

oyster

fish
shrimp

shrimp
shrimp

juvenile shrimp -

shrimp

crab larvae
fiddler crabs
fish

shrimp, crabs

duck

duck
duck
duck
fiddler crabs

Cholinesterase very sensitive to smali amounts of pesticide.

" Maximum concentration redched at 2 weeks. 38,000 x test water conc.

Loss of 78-87% in 8 weeks.

Avoided water containing pesticides. Did not distinguish concentra-
tion differences.

Inhibition of water absorption. Inhibitibn of (Na* and K*) activated
Mg 2*+-dependent adenosine triphosphatase.

40 to 100% mortality

Up to 16097 mortality delayed until shrimp in Mirex free water.
Up to 969 mortality, delayed. :

Accumulated Mirex in bodies.

Accumulated Mirex in bodies, Gill parasites reduced.

35-100% mortality.

Accumulated DDT in bodies.

Feeding & shell growth stopped. Erratic sﬁell movements.

509% mortality in 2-4 weeks.

Lowere‘d Na*and K+ in hepatopancreas, change in Na* and K* only
- after day 20,

1009 martality.

3.

DDT
* within 6 weeks.
100% mortality 18 o 28 days.

trates in hep

reas. Flushed from hepatopancreas

Larval stages prolonged. Increased mortality,

1009 lost coordination by day 5. Three-fold accumulation in claw
muscles.

Established 96 hour TLso values; includes data on synergy and histo-
pathology.

Eggshell thinning complete after 4 days on 40 ppm diet; electron
microscopy.

20 ppm DDT or 10 ppm dietary doses resulted in eggshell thinning.
Established effects on eggshell thinning.
LCso values varied with age of ducks (1200~-1600 ppm),

Levels correlated with maladaptive behavlior and mortality. Latent
effects.

Hansen & Wilson, 1970
Hansen, 1969
Janicki & Kinter, 1971

Lowe, et al., 1971a

| Butler, 1968

Butler, 1967

Nimmo & Blackman, 1972
Nimmo, et af,, 1971b
Nimmo, et al,, 1970
Bookhout, et al., 1971
Odum, et al., 1969
Courtenay & Roberts, 1973
Peakal), et al., 1873

Davison & Sell, 1974
Haegele & Tucker, 1974
Friend & Trainer, 1874
Kiein & Lincer, 1973

Treatment

Taxa

Organophosphate Insecticides

Observed Effects

Reference

Parathion

4 pesticides ranging from guthion .62 ppm, to TEPP
10.

Malathion, dursban; 10-,01 ppm

oysters

oyster eggs
clam aggs

minnows

Sharp threshold of toxicity relative to shell growth.

509% of eggs develop normally.

Did not avoid Malathion.
Did avoid Durshan,

Butler, 1965
Davis & Hidu 1969

Hansen, 1969
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Treatment

Taxa

Organophosphate Insecticides

Observed Effects

Reference

Paraoxon, DDVP parathion, methjl parathion

Malathion, naled, guthion and parathion

fiddler crabs
trout
crayfish tissues

fishes and pink shrimp

Selectively inhibited cholinesterase activity in Homogenized tissues.
Cholinesterase sensitive to small amounts of pesticide.

[ Revealed comparative ACHE inhibition.

Guilbault, et al., 1972

Coppage & Matthews, 1974

Parathion duck Established effect on eggshell thinning. Haegele & Tucker, 1974
Carbamate Insecticides
Treatment, Taxa —
h : Observed Effects Reference
Sevin 0.1 ppm T juvenile fish : Survived normally, neural parasite may not be refated to toxicant. Lowe, 1967

Sevin 0.01-10 ppm

minnows

Did not avoid Sevin.

Swelling at 6-7 hours exposure.

Hansen, 1969

Sevin gastropod (ayster drill) Wood & Roberts, 1963
Matacil, rﬁésurol, zectran, baygen, sevin fiddler crabs Selectively inhibited cholinesterase activity in homogenized tissues.| Guilbault, et al., 1972
e crayfish Cholinesterase very sensitive to small amounts of pesticides.
trout : . .
. Herbicides, Bacteriocides, etc.
Treatment Taxa
Observed Effects Reference
12 herhicides ranging from amitrol 733.70 ppm to | oyster eggs 509 developed normally. Davis & Hidu, 1969
silvex 2.4 ppm nemagan, sevin clam eggs
19 bacteriocides, algicides, fungicides from un- | oyster eggs 509 developed normally.
tinted sulmet 1000 ppm to phygon .014 ppm clam eggs R '
duck Established effect on eggshell thinning.’ Haegele & Tucker, 1974

2,4-D acid

4 herbicides in sea water

6 genera algae

Carbohydrate concentration depressed. Varies with salinity,

Walsh & Grow, 1971

Nitrilotriacetic acid phytoplanktan Low toxicity as long as chelate:metal ratio favorable; NTA alone,| Erikson, et al., 1970
) trace metal deficiency.
2,4-D, 0.01-10 ppm minnows Avoidance of herbicide. Hanser, 1965
i .
Antimycin A7 ppb 38 species fish Killed in three days. Finucane, 1969
’ other fish . No effect.
oysters
planktan
crabs
Polystream {chlorinated h'en‘zenes) 4 oyster drill | Under recommended dosage, 50% of animals killed by day 7. Wood & Roberts, 1963
Industrial Toxicants
Treatment

Taxa

Observed Effects

Reference

Aroclor 1254 .94-100 ppb

Aroclor 1254 2.5-3.5 ppb

Araclor 1254 in Corexit 7664 colloidal solution
emulsions )

Aroclor 12541 pph to 56 days
5 ppb 14-45 days

Aroclor 1254 100 ppb 48 hours

5 ppb 20 days

Gammarus

juvenile shrimp

adult shrimp
Gammarus
fish

shrimp
oysters
pinfish

shrimp

crabs

51 to 1009 mortality.

50% mortalitly, accumulated in hepatopancreas. 23% died after return
. to'sea water.

Lethal threshold 0.001 to 0.01 ppm.
Lethal threshold .01 to .1 ppm.

No apparent effect at 1 ppb;
Mortality occurred, though delayed at 5 ppb.

10053 mortality,
Shell growth inhibited.
Concentrated PCB:

72% mortality after day 10.

. Concentrated PCB.

Nimmo, et al., 1971h

Wiidish, 1970
Hansen, et al., 1971

Duke, et al., 1970
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Treatment

Taxa

Industrial Toxicants

Observed Effects

Reference

Araclor 1242 and Aroclor 1254 - radiocarbon

Aroclor 1242 in water .01 to .1 ppm

Aroclor 1254 in sediment 61.0 ppm (dry wt.y to 1.4

ppm for 30 days
Aroclor 1221; 7.5-75 ppm

Aroclor 1254

Aroclor 1254; 0.001-10 ppm

Arcclor 1016

Aroclor 1254

Aroclor 1254

Araclor 1232, 1242, 1248, 1254, 1260, 1262
Aroclor 1254

Dioxin (TCDD) in water and food
Dibenzofurans

Phthalate ester

phytoplankton
marine diatom

shrimp
crabs

killifish
shrimp
shrimp
fishes
oyster
shrimp
fish

oyster

duck
duck
duck
salmonids
salmonids

rainbow trout

Radiocarbon uptake reduced at as low as 1-2 pph.
Inhibited growth, RNA synthesis and chlorophyl index.

Amount of PCB residue in animal varies with amount in substrate.

Decreased ability to osmoregulate.

609 died at 9.1 ppb (7 day exposure); no significant mortality at 0.62
ppb.

Demonstrated that some animals could avoid Aroclor 1254 under
laboratory conditions.

Established acute 96 hour LC:'s.

5 ppb for 24 weeks reduced growth and produced tissue atrophy and
degeneration.

Showed PCB inftuence on susceptibility of birds te virus.
Toxicity positively correlated with percent chlorine.
Established effect on eggshell thinning.

Marked decrease in growth; latent effect,

Dietary doses up to 122 mg/kg resulted in no mortality.
LGso (96 hour) = 6.47 ppm.

Moore Harriss, 1972
Kiel, et al., 1971

Nimmo, et al., 1971a

Kinter, et al,, 1972
Nimmo, et al., 1974

Hansen, et al., 1974a

Hansen, et al., 1974b

Lowe, et al., 1972

Friend Trainer, 1970
Heath, et al., 1972
Haegele & Tucker, 1974
Mitier, et al., 1973
Zitko, et al., 1973
Mayer & Sanders, 1973




APPENDIX C

An Overview of the Field-Testing of Pésticides

Obsérved

" Pesticide

Ecosystem . Pesticide Taxa Reference Ecosystem Observed Taxa Reference
Parameters Parameters '
F/WPond ~ | DDT . Mortality Fish Tarzwell, 1948 Tidal Marsh | DDT Mortality & Fish Croker &
Plankton : Ditch population; | Crabs Wilson, 1965
Benthic Inverts. Residue moni-
Reptiles toring
| Birds
Mammals Estuaries  2,4-D Mortality Fish Rawls, 1965
‘ Terr. Insects Crab .
Enclosed area| DDT Population | Fish Tarzwell, 1948 Qystors
of F/W . .
Pond . : A Lo )
Salt Marsh Dursban Mortality Fish U.8.D.1., 1967a
Tidal Marsh | DDT Mortality Fish Springer and F/W Pond Shrimp
.- Gross behavior | Crabs - Webster, 1951 Crabs
Growth (snails)| Shrimp Oyster
Insects Insects
VMolIusks‘ Terr. Verts.
Amphifiods )
Worms Mangrove Dibrom Mortality Fish U.S.D.1., 1967b
Mites Swarpp Cholinesterase | Crab
Birds Population Mammals
Birds
Tidal Marsh | Strobane, DDT | Mortality Fish George et al., Insects
& HCB Gross behavior | Crabs 1957
on fiddlers § Birds Salt Marsh | Dursban Mortality Fish Ludwig, et al.,
Mammals Manitoring Crab 1968
. Lo . . . Shrimp
Tidal Marsh | Dieldrin Mortality Fish Harrington & Birds
Ditch Crabs Bidlingmayer,
1958 Tidal Marsh | Dursban Mortality Fish U.8.D.1., 1968
Tidal Marsh { DDT, aldrin, Mortality Fish Springer, 1961 Cholinesterase | Crabs
dieldrin & Prawns inhibition Shrimp
BHC Anthropods Mammal
Iso- and Amphi- Bird
pods
Crahs Salt Marsh ‘Malathion Mortality Fish Tagatz, et al.,
Worms Chulinesterase | Crab 1974
Moliusks Shrimp
Birds Motlusks
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TRACE METALS IN THE OCEANS:

PROBLEM OR NO?

EARL W, DAVEY and DONALD K. PHELPS
National Marine

Water Quality Laboratory

Narragansett, R.l.

ABSTRACT

Increased input of mercury to the estuarine environment resulted in bioaccumulation in marine
food chains that affected man (Irukayama, 1966). Toxic effects of other metals on marine animals
has been demonstrated under laboratory conditions. However, cause and effect between elevated
environmental metals levels and toxicity to marine animals has yet to be conelusively demonstrated
under field conditions. Municipal waste water treatment plants, dredging and spoiling aectivities,
and the dumping of sewage sludge and industrial wastes are the major sources of metals to the
marine environment. These sources are likely to increase in the future unless the Federal Water
Pollution Control Act Amendments of 1972 (PL-92-500) are carefully enforced.

INTRODUCTION

Estuaries, because they are landward extensions of
the sea, have become eenters of industrial, commer-
cial, and related activities. As a consequence, estu-
aries have received an increasing input of metals,
the byproducts of modern industry and technological
advancement. Metals can be introduced indirectly
from contaminated rivers and land runoff or directly
by pumping from land based industries and munici-
palities, ship and barge discharges, and aerial fallout
(Merlini, 1971). When viewed as a whole, ocean
systems appear to be beyond compromise in their
ability to dilute introductions from man’s activi-
ties—after all, the continental masses are continually
bathed in their oceans and seas. Where then do
problems occur?

Ocean waters, especially estuaries, are not uni-
formly mixed and non-uniform dilution can cause
local concentrations of metals. Metals tend to be
concentrated at air-sea, sediment-water, or fresh-
water-saltwater interfaces and boundaries between

water and living or dead particles (Fig. 1). Some "

metals discharged even in small quantities can be
accumulated to alarming and lethal levels by certain
marine biota. Seafoods harvested by man can become
extensively impacted when excessive metals are
added to the sea. A classic example of the human
aspect of this problem first received widespread
attention when mercury poisoning oceurred in Japan
in 1953 through consumption of contaminated fish
and shellfish (Irukayama, 1966).

Sediments in estuaries naturally tend to have
relatively high levels of metals. Aslong as the biologi-

cal component of estuarine benthic systems (bottom
related systems, including sediments, plants, and
animals living on or in them) is alive and well, the
naturally enriched sediments appear to be processed
and metals are biologically recycled into the system.
However, frequently these benthic systems are
stressed beyond the biological breaking point, and
the biota is eliminated or drastically reduced. If the
bioclogical recycling system is destroyed, an anaerobic
sedimentary system develops, and among other
things, becomes a metals sink. The elements that
were formerly recycled accumulate to orders of
magnitude above those observed in biologically
active systems. There is a ‘leaching out” of these
metals, but the rates now controlled primarily by
physical-chemical processes go on at a very slow
pace.

Two problems emerge when sediments become
sinks rather than recyclers for metals.

1) Due to relatively rapid sedimentation that
oceurs in upper estuarine areas, channels must be
dredged. Very frequently, dredged materials are
anaerobic and rich in elemental composition. Where
ean they be dumped with assurance that those ma-
terials which enrich the sediment may not prove
noxious to man directly or indirectly through re-
duction in marine resources?

2) If an estuary which receives feedback from its
sediments in the form of nutrients—both organic
and inorganic—Iloses a part of this benthic recyeling
activity, what are the long-term and short-term
effects? For example, does the creation of a metal
sink in estuarine sediments affect plankton produc-
tivity and species composition?
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Aerial fallout of PM

Alr-Water

{nterface SOM, PM

Food Chain

Sediment-Water

Interface PM(hi)¥

SMChT)Y -

\\ PM(hT)
. SMio)
~ sal<l% o
PM(10) . Salt~CFresh
SM(h1) Interface

sal»10%

~

~

particulate metals

o

M = soluble metals

SOM = soluble metais,
organical ly complexed
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Frcure 1.—Generalized diagram for sites of metal coneentration and transformation of metal forms in the marine environment.

The possible problems of metals in estuaries is
emphasized to illustrate the complexities that sur-
round this problem area. Some aspects of the metal
problem are of more direct concern to the welfare
of man and estuarine systems than others. In an
effort to prioritize and define metal problems in the
marine environment a metal matrix has been created.

METHODS AND ‘MATERIALS

Trace elements are essential to all life systems,
yet excess amounts are toxic. Also, non-essential
elements such as mercury, cadmium, lead, and so
forth can be toxicants and bioaccumulated to
large quantities to affeet organisms within marine
food chains, including man. Therefore, a matrix of
existing toxicity and body burden data using marine

species as one axis and metals as the other has been

formulated in order to assess, broaden, and validate
the data base needed to establish criteria. The metals
matrix helps to point out information gaps, thereby
defining research goals; it also provides a basis for
comparing metal levels and their modes of applica-

tion in laboratory studies with levels and pathways
defined in the natural environment.

A summary of two metals matrices which were
constructed mainly from Iiterature reviews by
Ketchum, et al., (1972), and Eisler (1973), more
recent additions from the open literature, and in-
house experiments performed at the National Marine
Water Quality Laboratory (NMWQL) are pre-
sented in Tables 1 and 2.

RESULTS

The metals matrix indicates that we have informa-
tion on only 36 elements and of these only 18 have
toxicity data listed and of the 18 perhaps only four
(Cd, Cu, Hg, and Zn) are sufficiently documented to
formulate good eriteria. Since the NMWQL has had to
respond to unexpeeted requests for elemental toxicity
and bioaccumulation data, in order to anticipate
future requests, we have undertaken an in-house
program to develop acute and chronic marine bioas-
say information on a wide spectrum of elements.

However, because combinations of marine biota
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Table 1.—Matrix of elements versus marine biota response

Environ- Spp. Most
Element mental (Phyla) Organism Sensitive Response
Qceans Tested Level
Clean
Aluminum...... | 0.01 v 4 (3)] Redfish 88* Death
Antimony...___ | 0.0005 T2 )] Algae 3.5 Inhib, cell div.
Arsenic. .. _._] 6.003 6 (4)| Copepod 0.1 72hr LCso
(1, 0000006 1 (1) | Mummichog 0.0001 | Decr. enz. act.
0.0001 34 (7) | Oyster 0.015 | Slow sex. devel.
0.000005 13 (B) | Algae 0.0001 | Decr. culture
yield
0.0001 1 (1) | Copepad 0.01 }72hriCso
0.003 48 (9) | Diatom 0.001 | Inhib. growth
0. 00006 2 (1) | Diatom 1.0 Inhib, growth
0.000004 1 (1)} Pinfish 0.069 | Death
0.0013 1 (1) | Diatom 0.027 | Cell clumping
0.00003 14 (7} | Citiate 0.15 | Inhib. growth
Manganese.___{ 0.005 2 (2)| Oyster 16.0 LCso of embryos
Mercury______.| 0.00003 43 (8) | Oyster 0,0056 | 48hr LCso of
embryos
Nickel_.._.... 0.002 17 (4) | Algae 0.0002} Inhib. growth
Selenium... 0.0004 5 (2) | Copepod 0.01 96hr LCso
Silver. ... 0.00004 9 (5)} Copepod 0.0033] 72hr LCxo
Yitrivm . _.___| 0.003 1 (1) ] Oyster 0.001 | Abnormal larvae
(98%)
ZinCo o] 0.01 28 (8) | Annelid 0.05 | Abnormal larvae

Table 2.—Matrix of elements versus marine biota hioaccumulation

* All concentrations expressed in mg/kg.

versus elemental compounds exist in infinite variety,
a number of elements can be eliminated from con-
sideration in the following categories:

1. Elements such as mercury with sufficient in-
formation for good water quality criteria.

2. Major constituents of seawater, s.a. Na, Mg,
Cl 804. .

3. Major constituents of marine organisms, s.a. C,

H,N,O. -
4. Noble gases, i.e. He, Ne, ef cetera.
5. Elements which are short half-life isotopes.
6. Rare earthst

The remaining, approximately 50 elements, can
be listed in priority according to the following con-
siderations:

1. Known toxicity to man.

2. Information indicating elemental impact in the
marine environment.

3. The form of the element in seawater.

4. No information available.

It must also be recognized that it is not necessarily
the total amount of a metal present in seawater or
marine sediments but the form of the metal which
may be important to consider with respect to its
effects on marine biota. Metals in seawater can be
operationally characterized as. particulate (metals

Element Spp. (Phyla) Organism Level Toxic
Tested Reached to Man
Aluminum__... | 7 (1) { Phytoplankton 5000% -
Antimony..__.. | 42 (10)| Octopus 0.92 +
Arsenic___....| 88 (12)} Squid (gills) 198 +
3 (1) | Phytoplankton 262 -
1 (1) | Phytoplankton 8.4 +
1 (1) | Phytoplankton 7.7 +
136 (12)| Abalone (digest, gland) | 1162,7 +
16 (5) | Fish 64 -
20 (6) | Algae 0.64 —_
30 (4) | Zooplankton 260 +
34 (7) | Zooplankton 110 -
101 (8) | Squid (liver) 15,160 -
3 (1) | Maellusc 282
73 (8) | Annelid 42,800 -
4 (2) | Fish 57 -
‘ 102 (7) [ Algae 3100 +
Manganese. __.| 51 (5) | Algae 226 -
Mercury.... ... 198 (15)( Algae 7400 +
Molybdenum.... 5 (3) | Zooplankton 36 -
i 45 (6) | Zooplankton 480 -
38 (7) | Algae 21,000 (CF) # +
’ 1 (1) | Fish 61 pCi/gm +
wet wt
Rubidium...._.| 6 (3) | Algae 2.3 ~
Ruthenium.... . 11 (7) | Sponge 10,000 (CF) -
Samarium.___. 15 (3) | Annelid 3.6 -
Scandium._... 20 (4) | Annelid 26.4 -
Selenium 11 (5) | Octopus 71
Silver.. ... 18 (4) | Squid (liver) 1044
Strontium._ 18 (5) | Algae 4160 -
Thorium.......| 5 (3) | Octopus 9.2 +
| 1D 2 (2) | Phytoplankton 101 -
6 (2) | Phytoplankton 940 —
1) | Fish 21 +
6 (2) | Pteropod 290 —
2 (2) | Mollusc 1000 uCi -
4] |1 130 (10)( Moltusc 99,220 -

* All values in mg/kg, except where noted.
# CF-—concentration factor,
Toxic to Man: + yes; — no.

associated with particles larger than 0.45u) or dis-
solved (< 0.45u). Dissolved metals can be cate-
gorized’ further as inorganically associated, organi-
cally bound, i.e. chelated, or metal-organic com-
pounds. Dissolved metal forms are likely to interact -
with most marine biota; however, the effects may
differ if the metals are organically bound. If a metal
such as copper is chelated, there may be a reduction
in metal toxicity response by organisms such as ma-
rine phytoplankton; whereas, if the metal is an
organometallic like methyl-mercury, this compound
is more toxie than the inorganic form and can also
be coneentrated in food chains. Particulate metals,
probably occurring in high levels near industrial
outfalls or ocean dumping activities, are likely to af-
feet filter feeding organisms which ingest and con-
centrate particulate matter. Consequently, the
form of the metals may be the dictating factor in the
response of marine biota to heavy metals.
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On the basis of these considerations, elements are
chosen for short-term, acute bioassays. Acute bioas-
says involve a rapid response of a single species to
inereasing concentrations of a toxicant. The results
of the acute bioassay are reported as the median
tolerance limit (TL, or TLy) which signifies the
concentration of toxicant that kills 50 percent of the
organisms within a specified time span, usually in 96
hours. Organisms for acute bioassay are being
selected from a wide range of representative marine
phylla and growth staggs.

.Elements having low TLsp are-in turn chosen for
long-term chronic bioassays. .Chronic bioassays
involve a continuous exposure to a subletha? con-
centration of the toxicant. In the chronic bioassay,
any biological response, such as reduction of growth
or reproduction, behavior change, hlstopathologlcal
change, et cetera, can be used to monitor effects.
Also, test organisms are analyzed to determine possi-
ble bicaccumulation of the element which could in
turn indicate a potential pathway back to man.

DISCUSSION

A definite need exists to carefully inventory all
natural and manmade element sources which might
impact the marine environment. Table 3 is a general-
ized inventory: Assessing potential ocean pollutants,
Robingon, et al., 1974, have presented an extensive
and important approach for budgéting pollutants;
however, the report deals only with the metals irgn,
copper, and plutonium and concludes that plutonium
is the only element of potential global pollution.
Similar assessment should be made for all elements;
however, these assessments, should be focused at
more localized areas, such as coastal or estuarine
areas as well as on a global scale. These inventories
would highlight elements of major environmental
concern which should be carefully bioassayed in the
laboratory. Also, these budgets should point out
specific areas of high metal impact in the United
States.

Field investigations of metal impacted areas
throughout the U.S. are necessary in order to de-
termine the extent, fate, and effects of metals on
marine biota. Have metals per se directly or indi-
rectly caused environmental damage and, if so, to
what extent? What are the inputs, rates, routes, and
reservoirs of metals within impacted areas? Special
consideration should be given to areas of ;

1. Mining activities.

2. Smelters.

3. Industrial outfalls, especially metal plating
industries.

Table 3.—~Inorganic chemlicals to he considered as pollutants of the marine’
environmant.

: - Natural conc in | World.production Routesogeniry Pollution
Element sea water pg /1 | metric tons/year] into the sea categories
: : (1968) ~- . ' :
H (acids)_.....| IpH=8 - 7/ DA ille
(alk = 0.0024) '
Be 0.001 250 | U- We? '
i..i 2 1,000,000 A7~ . Vb1
. . .2 . . 9,000]A Va?
[ 0.04 1,500,000 [RQUY .~ live?
Fe 10 480,000,000 { D,R Ve
i 1 + 5,000,000 { D,R 4ive
2 5,000,000 { D,R e
0.02 15,000 (AR e
0.1 9,000 |"AR Ib
0 . 8,000,000 { D,R e
- 71DR e
©0.02 {1 3,000, 006 AR la
-] D Ve
2. 60 000 D e
0.45 60,000 {U Ve
0.02 3,800 (U Ve? .
0.45 . 21,000 |4 1Hie?
1,340 - 1,800,000 D,R qive?

D dumpmg, A through atmosphenc pollutmn R through nvers (runoﬁ) or p|pel|nes,
Uinknown.:

. I-1V order of decreasmg menace; a worldwnde b reglonal [ Iocal (coasta!, bays,
estuaries, single dumping).

Referenced from FAQ Fisheries Reports, No. 99 Suppl. 1. Report of the seminar on
methods of detection, -measurement and -monitoring.of pollutants.in the marine en-
vironment: Inorganic chemicals, Panel 3, Dyrssen, D., C Patterson, J. Ui and G. F.
Weichart.

4. Sewage outfalls.

5. Desalinization plants.
6. Offshore ocean disposal areas for industrial
wastes, sewage sludge, and dredge spoils.

However, Cross and Duke (1974) have ‘empha-
sized that it is essential that present efforts be con-
tinued and new efforts initiated to determine base-
line levels of trace metals in marine organisms and
the environmental variables that affect them. These

studies should be conducted not only in contam-

inated environments such as Long Island Sound,
New York Bight, and the Southern California
Bight, but also in relatively pristine or wuncon-
taminated environments. The concentration of any
trace metals can be highly variable both within and
between species and influenced by a number of
environmental factors. Until we understand the
variability that exists in healthy ecosystems, it may
be difficult to identify a contaminated ecosystem.
Also, because trace metals oceur naturally in the
marine environment as a result of weathering and
volcanic activity, the problem of determining the
eontribution of anthropogenic additions of trace
metals to natural levels in marine organisms is more
difficult than with halogenated hydrocarbons or
refined petroleum products.

Other questions concerning potential metal pol-



“-Orair Portoridts - " . 449

lutants Whlch need to be answered are a3 folibws &

¥ Are certshn industries; such as power plants,
producing excessive metal inputs which should be

controlled?

2. Can elemental transformations occur Wlthm
marine areas to produce more lethal and/or bioac-
cumulated compounds 'such as methyl-mercury?
If so, which elements are capable of transformatlon
and under what circumstances?

3. Dredge spoils reimoved from navigational chan—
nels are often taken from areas which act as traps
for sediments laden with river and estuarine-borne
waste. What are the long-term effects of these ocean-
dumped dredge materials upon the cleaner shelf
areas? How should ocean-dumped materials be
handled to lessen enwronmental 1mpact to dlsposal
areas? -

4. Liquid efﬂuents from Wastevvater treatment
plants probably will be a major source of trace
metals to estuarine and,coastal waters during the
next several decades. Efforts should be made to
evaluate the impact that these discharges will have
on. concentrations of. trace metals in harvestable
marine speeies that cornplete a major portlon of
their life eycle in coastal aress.

According to Schroeder (1973), env1r0nmenta,1
pollution by toxic metals is a mueh more seficus and
insidious problem than is pollutlon by organic sub-
stances such as pestlcldes, Wweed killets, “sulfur di-
oxide, oxides of ‘nitrogeh, carbon : monoxlde and
other gross contaminants. Most organic substances
are degradable by natural processes; no metal is
degradable Elements in elemen’cal form or as salts
remain in the environment, until they are leached by
_rains into rivers and into the sea. Theréfore, every
effort must be made to slow down the environmental
bmld—up of those elements which are toxic and ‘can
cause degenerative dlseases
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POLLUTION IN NATION'S ESTUARIES

ORIGINATING FROM THE
AGRICULTURAL USE
OF PESTICIDES

MING-YU LI
University of California

Davis, California

ABSTRACT

Estuaries are particularly vulnerable to pollution because they are repositories of wastes which do
not come from a point source, such as pesticides. Agricultural pesticides enter the estuarine environ~
ment, by several means: direct application to water; runoff from treated lands; industrial dis-
charges; domestic sewage; atmospheric drift; and accidental spills. The fish kills in the Mississippi
River by insecticides are well known and particularly well documented. Monitoring data have been
limited primarily to chlorinated hydrocarbons because of their number, wide use, great stability
in the environment, and tozicity to certain forms of wildlife and other nontarget organisms. A
recent national survey on organochlorine residues in estuarine mollusks reveals that “at no time
were residues observed of such a magnitude as to imply damage to mollusks.” However, residues
were large enough to pose a threat to other elements of the biota through recyling and magnifica-
tion. The maximum pesticide residues can be correlated with proximity of monitoring stations
to agricultural runoff. Long-term, sublethal effects of pesticides in estuaries are difficult to assess
at present, as most data on pestlclde effects are limited to a few species and concentration that
is lethal in short-term tests under laboratory conditions. Pesticide pollution in the estuarine en-
vironment can be minimized through the use of alterpative pesticides, more effective use of pesti-
cides, remaval of pesticides from water, improvement of farm management practices, regulatory
cantrol of pesticide use, and a better unders’candmg of the pesticide behavior in the estuarine

ecosystem.

INTRODUCTION

The ocean’s biological produectivity is largely con-
centrated in the coastal zane, from the rivers seaward
to the salt marshes, the bays, and estuaries. Produc-
tivity is high here becauyse basic nutrients, the
minerals and organic material washed down river
from land, feed plants and animals at the base of
the maripe food chain. By weight, about a thousand
times more food is caught or harvested from the
coastal zone than from the apen sea. To put it
another way, most fish and shellfish are caught
within sight of land. Some 70 percent of the valuable
sport fish depend on estuaries for their survival
Like all wildlife, marine animals establish themselves
where conditions for life are most favorable—plenty
of food, areas for spawmng, and freedom from
predators.

Estuaries are particularly vulnerable to pollution
for two reasons: (1) their natural populations are
in delicate balance and thus are easily upset by
pollutants, and (2) they are the repository for most
of a river’s pollytion load as the river meets the
estuary, slows down, and releases its wastes.

The most difficult pollution control problem—for

estuarine and coastal waters—is posed by wastes
which do not come from a point source, such as
pesticides from runoff and drifts, and fertilizers
spread on fields. They find their way into streams
and rivers and eventually the estuaries and oceans
in ever larger amounts. Some argue that these pol-
lutants are even more dangerous to estuarine plants
and animals (including man) than municipal and
industrial wastes.

Synthetic organic pesticides when used properly
have been of tremendous benefits to man and his
environment, but when misused or carelessly used,
they cause considerable harm. Fortunately, the ad-
verse effects have so far been relatively minor in
comparison to the beneficial role that pesticides have
played, and most likely will continue to play in
the production of food as the world’s supply of raw
agricultural products continues to decline in propor-
tion to increasing population.

During recent years the overall use patterns of
pesticides have changed considerably. The risk or
hazards of using pesticides have increased with the
sharp rise in their consumption by agriculture, house-
holds, industry, and government. Today, more than
34,000 products made from one or more of 900

451
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chemical compounds are currently registered by the
U.S. Environmental Protection Agency (EPA) for
use in the environment.

Pesticides are poisons; they can present an im-

mediate danger to the user if applied improperly’

or without sufficient knowledge of their toxic effects.
In addition, potential future hizards to human

health and other living forims can be’ created by‘
residues from longdived pesticides that buﬂd up in

the food cham

4

CURRENT PESTICIDE USE
IN THE ENVIRONMENT

Except for 1969 and 1970 When there were shght
declines, sales of synthetic organic pestxc1des in the
United States have increased every year since 1963
(Table 1). In 1972, the latest year for which figures
are available, production was 1,158 million pounds.
The volume of sales that, year.was 1,022 million
pounds, and the value of these sales was $1,002
million. The volume and value of producers’ sales
were the highest of any year for which records are
available. »

‘Pesticides Review 1973, published by the U'S.
Department of Agriculture, provides information on
the calculated domestic use at the producers’ level

for pesticides (Table 2). It is interesting to’note

that, following a general decline in recent years,

DDT in 1972 was up nearly 78 percent over 1971.

The ‘'sharpest decline in 1972 was made by 2,4,5-T
which dropped 64 percent. Use of 2,4-D declined
over one-fourth in 1972; however; the use of ‘the

aldrin-toxaphene group of pesticides 1ncreased by

nearly one-fourth that year.

It is predmted that the use-of pesticides will con-
tinue to increase and the siles value was expected
to reach $1.4 billion in 1974 (Figure 1). One redson
for this optimism is that acreage devoted to the
major field crops acecounting for most of the total
U.8. pesticide use will be increased by 6 percent

that year. The five major erops (corn, cotton, rice,

soybeans, and wheat) account for approximately
75 percent of the total pesticide use in the United
States. Moreover, with prices of all farm crops at
or near- all-time highs and yields per acre moving
up steadily, farmers will have more money available
to spend on pesticides, éven after allowing for higher
prices. (Chemieal Week, v. 114, no. 4, January 23
1974) Addltlonally, the demand for farm produbts
is growmg rapidly worldwide. Smce the farmer is
the major supplier of farm products in world trade,
he will need more pest1c1des to meet the growmg'
demand

Tablel—Synthetlc organic pestrcndes Production and sales, ymted States,

1963—721
Year | “Quantity Change from Valugz - | éhaugé';from
. previous year o ,lrE[el_IvIOUS year ;u
1,000-pounds Percent l.Dﬂ.Oldollars X "‘f{ercém
Proﬂuc‘tion

[} = -

3.9

6.7

21.7

2.0

34.%

3 7.2

1, 104 381 -1.3

1,034,075 1.0

: 1,135‘,717’ 2.2

11,157,698 4.8

Sales (domestic and export)

651,471 28] wo,140) 6.5

692,355 6.3 427,111 15.7

763,905 10.3 ] 497,086 {- VL 16,4

822,256 7.6 583,802 17.4
897,363 9.1 787,043 34
959,631; “ B:9°[: 849, 2d0:8 SRy
-928,663 |- - =320, 0 BBLIE6 [ coi0
880,914 S50 8,314 T2
946,337 7.4 979,083 12,
1,021,565 . 8.6 1,091,708 11

1 lncludes a small quantity of soil conditioners. -

2Value of production calculated: unit value x quantity; sales value as reported by
the Tariff Commissian.

8 Preliminary. : 4 ‘ ’

Tariff Commission, Chemlcal Dmslon, “Synthetlc Organic Chemicals, United States
Produc!lon and Sales.” .

Lo

Lo ot 3 < £,

Table 2.—Pésticides: Domestic di ppearance af the producers Jevel of selected
) kinds, United- States, 1967-7212

Pesticide 1967_3- . 19683 ;9694 o le7ge 19714 o[ 19724

100 | 1000 | 1000 | 1000 | 1006 | 1000

pounds -{ pounds ‘]- pounds { pounds | peunds. | pounds

Aldrin-toxaphene’} I+ I RN R o
roUp o . 86,2891 38,710 89,721'| 62,282 85,005 105,980
Calcium arsenate 2,329 1,992 2,117] 2,900 2,457 ) 1,751
Copper sulfate._- 85,274 | 87,452| 48,840 77,38 70 2721 72,214
: 28,253 25,756} . 20,457 13,234 23,546
4,747 7,721} ..5,860 4,142} 5,024
68,404 49,526} 46,942| 32,174 23,179
15,804 3,218 4,871 1,389 498

EP RS Y G

1 Disappearance for all domestic uses, including all nonagricultural and chemical
intermediate uses, Includes any exports by firms other than producers.

"2 Includes military shipments abroad; these are not r:on5|dered exports

" 3'Year-énding September 30. . B

“Year endipg December 31. - - TR

Calculated from data supplxed by the t:hemlcal mdustry, Tanff Commrssron and
Bureau of Mmes

£ N

K
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'74: Another big yéér for pesticides

Billion dollars

-Funglmdes

it Insecucxdes

- Herbicides

Fieure 1.—Pesticidé sales, 1969-1974. Source: Chemical

Week. v. 114, no. 4. January 1974.

Obviously, as the production and use of pesticides

continue torinhcrease, the potential for environmental

contamination becomes more prevalent.

ROUTES OF PESTICIDE ENTRY
INTO THE AQUATIC ENVIRONMENT

Pesticides can become widely dispersed in. the -en-
vironment, mainly by the action of wind and water.
Na,turally, the most significant residues have been
found in. and near the areas of intensive use, but
traces have also been found as far away as the Ant-
arctic (Tatton and Ruzicka, 1967; Peterle, 1969) .

Contamination of the aquatic environment by
pesticides has been of publie concern for the last
two decades. The compounds most frequently in-
criminated are the organochlorine insecticides: DDT,
TDE, endrin, heptachlor, aldrin, dieldrin, chlordane,
toxaphene, and lindane. There is little doubt that
DDT and, to a lesser extent, dieldrin have been the
major contaminants.’ Traces of these chemicals can
be found in almost. all compartments. of the world’s
ecosystem. Rivers, streams, lakes, estuaries, oceans,
and bottom muds are major reservoirs -for these
pesticide residues. These pesticides reach aquatic
environments through many routes (Edwards, 1973;
Reese et al. 1972; Nicholson; 1970; Nicholson and
Hill, 1970 ; U8, Dept. of HEW, 1969). : :

Dlrect Application to Water

Many organic pestlcldes are apphed dlrectly on
water to control aquatic weeds, non-game fish, and
aquatic insects. Most of these apphcatlons are made
for a partlcular plrpose and the amount 6f pesticide
used is closely controlled. To minimize undesirable

side-effects, these operatlons are generally managed
by professionals. However, control of the amounts
used may be lax in massive applications (e.g., emer-
gency mosqulto control). In some instances, non-
target species may be very adversely. affected.

Post-use dissipation is an extremely important
factor in the application of herbicides for the control
of aquatic weeds in irrigation and drainage canals,
river banks and ditch banks. Most of the herbicides
registered for use in aquatic situations have water
use restrictions which require at least partial dissipa-
tion of the herbicide before normal watér use is
resumed (Timmer et al. 1970). The pathways of
dissipation are almost as varied as the chemicals
themselves. For example, volatilization is the most
importaht means for the dissipation” of aromatic
solvents and 4dcrolein. Adsorption processes pre-
dominate ‘in the dissipation of herbicides such as
diquat, paraquat, and possibly endothal. Biological
and ‘chemical ‘degradation processes account for
much of the disappearance of 2,4 D s1lvex dlchlo-
benil and other herblcldes

Runoff and Sediment Transport.

. Runoff from terrestrial applications is generally
comsidered as the major route of pesticide movement,
into the water environment. Intensive studies have
demonstrated that runoff is probably the single
most widespread and significant source of contamina-
tion (usually less than 1 ppb) of surface water
(Nicholson, 1970; Nicholson and Hill, 1970). Ter-
restrial apphcatmn of persistent pestlcldes also re-
sults in their being directly carried into surface
waters and, through adsorption on silt and debris,
transported into rivers and eventually estuaries.

During runoff the pesticide may be adsorbed on
eroding soil particles, suspended in the runoff water,
or both, Pesticides of low persistence naturally would
have lower runoff than persistent ones. Chlorinated
hydrogarbons, because of their persistence and low
solubilities. in water, are usually transported on the
soil particles.

Soluble pesticides enter surface -waters dissolved
in the water runoff and dramage from the land.
However, most of the pesticides reach the water
with sediments washed from the land. The chlori-
nated hydrocarbons have been found extensively
in surfape waters, and in bottom sediments at 126
locations in the Mississippi River. The deposits are
assumed to come from agricultural usage (Barthel
et al. 1969).,

Organic phosphates are generally more soluble
than the chlorinated hydrocarbons. Herbicides, par-
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ticularly the inorganic types, are highly soluble in
water. The greatest danger from the runoff of soluble
pesticides is in the period immediately following
their application and prior to their becoming ad-
sorbed onto soil particles. To some degree, this
condition is under control in the major agricultural
areas since weather conditions are closely observed
and, to some extent, control the time of pesticide
application. The same, however, cannot be said for
household application. : '

Atmospheric Transport

Atmospheric transport to the aquatic environ-
ment can be due to (1) drift of pesticides applied
aerially, (2) volatilization of the pesticides from
the terrestrial environment, and (3) wind erosion.

Direet drift has been found to occur from spray-
ing operations, especially when using aerial applica-
tion (Frost and Ware, 1970). Fallout from aerial
pesticide application is a principal source of water
contamination (Spencer, 1971; Goldberg et al. 1971).
High levels of atmospheric contamination by pesti-
cides (DDT, toxaphene, parathion) were measured
in agricultural areas such as Dothan, Ala.; Orlando,
Fla.; and Stoneville, Miss. Higher pesticide levels
were found when pesticide spraying was reported
than when no spraying was in progress. Only p,p’~
DDT and o,p’-DDT were found in the atmosphere
at all nine sampling localities, in both urban and
agricultural areas. Levels are highest in the agricul-
tural areas of the South, and are generally lower in
urban areas (Stanley et al. 1971).

" Volatilization is a major pathway for loss of ap-
plied pesticides from plant, water, and soil surfaces
(Spencer et al. 1973). It has been shown that nearly
half the amount of DDT applied to the surface of the
soil in field conditions may volatilize, thus making a
slow, long-term ~contribution to the atmosphere
(Lloyd-Jones, 1971). Volatilization of a pesticide
depends on many other factors, such as air velocity,
pesticide concentration, pesticide vapor pressure,
temperature, relative humidity, soil water content,
and bulk density of the surface soil (Igue, 1970).

Pesticides can be transported by wind and depos-
ited in water far from an area of application; they are
now considered to be universally present in the air.
Their distribution to sites removed from application
sreas depends on prevailing patterns of wind cir-
culation and deposition rates. The European-African
land area was regarded as the source of chlorinated
hydrocarbon insecticides found in airborne dust at
Barbados (Risebrough et al, 1968). The insecticides
(absorbed on the dust) were carried some 3,600
miles (6,000 km) by the transatlantic movement of

the northeast trade winds. Recently, several studies
have also presented evidence that the trade wind
system of the Atlantic region may deposit amounts
of chlorinated hydrocarbons comparable to those
transported into the sea by major rivers (Sepa and
Prospero, 1971; Bideleman and Olney, 1974; Gaskin
etal. 1974).

Industrial and Municipal Wastes

Industrial waste constitutés perhaps the second
most significant source of pesticides in water. The
wastes from manufacturing and formulating plants,
unless very closely controlled, contain pesticides.
Additionally, the effluents from plants that use
pesticides in their -manufacturing processes may
contain various amounts of pesticides. The distribu-
tion of DDT residues in Emerita analoga (Stimpson)
along coastal California was recently investigated
(Burnett, 1971). The findings showed that aquatic
organisms near the Los Angeles County sewer outfall
contained over 45 times as much DDT as those near
major agricultural drainage areas. The probable
source of this high concentration of DDT in the
sewer outfall was thought to be a plant that man-
ufactures DDT. This suggests that historically the
buildup of residues in California coastal marine
organisms could be attributed, to a significant degree,
to industrial waste discharge rather than merely to
extensive agricultural usage.

Pesticides can also enter water along with munici-
pal wastes, such as sewage effluents. A 1971 review of
pesticide monitoring programs in California prepared
by an Ad Hoc Working Group of the Pesticide Advi-
sory Comimittee to the State Department of Agricul-
ture reported that substantial quantities of pesti-
cides, mainly chlorinated hydrocarbons, have been
discharged to surface waters through municipal and
industrial waste discharges. The quantities of waste
waters discharged were so large that even low con-~
centrations of pesticides in water could result in a
large emission. The report indicated that if large
emissions from the Los Angeles County sanitation
districts’ outfalls have been occurring for a number
of years, this one source may overshadow all other
sources of DDT in southern California marine waters.

Effluents from sewers of large urban centers may
contain small amounts of pesticides originating from
home use but the great magnitude of discharge does
not allow this source to be overlooked. It is signifi-
cant to note that as much as 25 percent of the pesti-
cides in the San Francisco Bay waters, amounting
to 4,000 pounds per year, enter the bay through
municipal and industrial wastewater discharges.

Researchers at the University of Georgia Marine
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Station studied the effects of estuarine dredging on
toxaphene concentrations of the marine biota (Dur-
ant and Reimold, 1972). Results indicated that, in
the estuary, the sediments near a-toxaphené plant
outfall. in Terry Creek, Brunswick, -Ga.; were
found to be contaminated with toxaphene approach-
ing 2,000 ppm, and oysters collected two miles from
the outfall were found to contain residue levels near
6 ppm. In a later study Reimold and Durant (1974)
found that the monitoring of dredge spoil, fauna, and
flora showed toxaphene concentrations to be higher
during dredging than before or after. The concentra-
tions in oysters ranged between 2.0 and 5.0 ppm.
The eastern oysters, reported to be the best biological
monitors, did not demonstrate large changes in
toxaphene content resulting from the dredging. A
report released by the Georgia Marine Science Center
in 1973 discussed the effects of toxaphene contamina-
tion on estuarine ecology. It indicates that as the
toxaphene content in the plant effluent decreased
during the 3-year study period, the toxaphene con-
tent of fauna, flora and sediments decreased also.
This reflects in part the pollution abatement practices
initiated at the toxaphene production plant which
greatly reduced the quantities of toxaphene in the
plant effluent (Reimold, Adams and Durant, 1973).

Accidents and Spills -

Accidents and spills occur during storage, packag-
ing, transport disposal, and application and may be
very serious because of the usually highly con-
centrated chemicals. Although they may affect only
a localized area for a short period of time, the pos-
sibilities are almost unlimited and much needs to be
done to bring this unintended entry of pesticides into
the aquatic environment under control.

On August 11, 1974, parathion, a highly toxic
organophosphorus insecticide, and dead fish were
discovered in the Yuma main canal, that city’s
source of drinking water. Fortunately, none of the
poisoned water reached the city treatment plant
before the accident was discovered. No injuries or
death were reported, but the California Fish and
Game Department estimated 10,000 fish were killed.
Authorities said they were unable to determine how
the insecticide was put into the canal (San Francisco
Chronicle, Tuesday, August 13, 1974).

FISH KILLS

Fish mortalities result from a variety of causes,
some natural and others man-induced. Fish kills
brought about by man may be attributed to munici-

pal or industrial wastes, agricultural activities,
transportation operations, and other projects such
as water manipulations that significantly alter the
quality of the aquatic environment.

Fish are significant indicators of water quality.
When fish die in large numbers at one time, it is
usually a sign of an unnatural phenomenon within
the aquatic environment. The destruction of fish
not only indicates a severe problem oceurring in the
water environment, but reduces a natural resource of
recreational and often economic value.

The Environmental Protection Agency (EPA)
publishes an annual report on fish kills caused by
pollution since 1961. This report is the result of
cooperative teamwork between EPA, state pollution
control agencies, and private citizens. It includes
reports of fish kills where water pollution is known or
suspected to be the cause of death. Since numerous
kills resulting from pollution go unnoticed or un-
reported, the report cannot be considered complete.
Despite these gaps, the data compiled in these annual
reports provide useful and basic information, serve
to point out potential pollution problems, and alert
officials and the public itself to the need for stricter
safeguards to keep dangerous substances out of the
nation’s water resources. In the 1972 report, for the
first time since inception, every state in the Union
partlt:lpated

Table 3 contains a 10-year (1963 1972) fish kill
summary by source of pollution. The 17.7 million
fish killed in 1972 brought the cumulative total of all
fish reported killed by water pollution since 1963 to
225 million. While there was a 76 percent decrease in
fish reported killed in 1972 compared to the record
73.6 million fish killed in 1971, the year 1972 was the
fiftth highest year in the number of fish reported
killed.

Industrial pollution was identified as the largest
killer of fish during the 10-year period. About 85.5
million (38 percent) fish died from this type of pol-
lution. Municipal operations, which handle wastes
from cities, ranked second in the total number of
fish killed—60.4 million or 26.8 percent. Unknown
operations, a new classification added in 1971 to
include fish kill which cannot be linked to a specific
pollution source, accounted for 39.1 million (17.4
percent) of the fish kill. This resulted from 219 re-
ported incidents resulting in approximately 35.3
million fish killed in 1971 alone. Agricultural opera-
tions ranked fourth, and were responsible for the
killing of 17.5 million (7.8 percent) fish. The fifth
ranking category—other operations—accounted for
the death of 17.3 million (7.7 percent) fish.

Table 4 provides a 10-year summary of fish kill
by subcategories of the agricultural operations. It
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Table 3.—Fisﬁ kill summary by sourc‘e of pollution (No. of ﬁsix killed)

Year Agricutural Industrial Muni¢ipal ©* | Transportation | Other Operations T Unknowri Total

1963 e ] 560,967 2,690?501 914,379 .78,388 100,912 2,471,283 6,816,530
1964 e 1,415,092 12,525,301 | 3,893,687 22,211 ) 13,423 - 17,869,714
1965 1,390,136 3,763,948 5,911,604 306,810 20,941 — 11,393,439
1966.... 1,259,599 4,622,790 1,347,248 102,631 1,410,569 - 8,742,837
1967 it - 1,607,267 8,087,091 643,304 | 143,123 638,266 — 11,119,051
1968 e 375,548 6,255,713 6,791,464 | 825,365 578,124 — 14,826,214
1968 e 6,293,880 28,680,182 1,155,027 2,057,030 2,450,909 — 40,637,028

1,809,541 9,588,949 - 6,601,845 465,005 3,820,994 | —_ 22,286,334

1,023,337 4,652,392 | 24,798,432 664,180 7,257,478 - 35,257,226 73,653,045

1,807,555 4,694,390 8,360,594 , 456,526 | 1,028,869 1,369,284 17,717,218
Tota! - 17,542,922 " 85,561,357 60,417,584 5,121,269 " 17,320,485 39,097,793 225,061,410
% Total - 7.8% 38.0% 26.8% 2.3% 7.7% ’ 17.4% 1009

Saurce: Data extracted from “Fish Kills Caused by Pollution” series, publishedt annually by the U.S. Environmental Protection Agency.

shows that pesticides comprised the leading source of
agricultural pollution, with 11.4 million (64.9 per-
cent) fish fatalities. Reports of - fish kills under
pesticides include incidents in which spraying ma-
chinery and pesticide containers were cleaned or
dumped into nearby streams, lakes, or estuaries.
However, the majority of reported incidents resulted
from pesticides being washed into ‘water by rainfall
after spraying for agricultural purposes. "
Fish kills by type of water are summarized in
Table 5. For the period 1963-1972, approximately
60 percent (134.5 million) of the total reported fish
were killed in freshwater, while 37 percent (83.4
million) fish fatalities oceurred in estuary-type water.
In 1971, about 77 pereent (56.4 million) of the total
reported fish were killed in the estuary-type water,
and for the first time since the annual report system
started in 1960, more fish were reported killed in
estuarine waters than in freshwater. The large kill in
1971 was primarily due to a number of large kills

Table 4.~Fish kill summary by agricultural operations (No. of fish killed)

totahng 31, 4 m11110n fish whmh were reported in two
localized areas—Escambia Bay, Fla., and Galveston
Bay, Tex. It should not be 1nterpreted as a national
trend. The number of fish reported killed in'estuary
water in 1972 decreased appreciably from the number
reported in 1971. Nevertheless, the significant in-
crease of fish kills in the estuaries since 1968 is of great
national c¢oncern since estuaries serve as breeding
and nursery grounds for many species of marine fish.

MONITORING OF PESTICIDES
IN RIVERS AND ESTUARIES

Reports of insecticide residues in streams and
rivers in the United States began to appear about 10
years after the introduction of organochlorine in-
secticides and it soon became obvious that small
amounts of these insecticides occurred in many
waterways. At present, all of the different organo-
chlorine insecticides have been reported from U.S.

Table 5.—Fish kill summary by type of water (No. of fish killed)

Year Pestif:ides Fertilizers Maggien-:g:ge Year Fresh Salt Estuary Total
i ‘ 5,478,130 1,234,300 104, 100% 6,816,530
401,415 1,400 158,152 560,967 15,334,009 | 2,531,700 3,915- 17,859,714
191,167 67,040 1,156,885 1,415,002 11,255,658 102,121 36,660 11,393,439
770,557 2,607 616,882 1,390,136 3,608,607 |. 19,050 25,270 8,742,927
217,406 | 1,200 - 1,040,993 1,259,599 11,086,012 | 30,000 3,039 11,119,051
329,130 10,000 1,268,137 1,607,267 9,869,851 1,888 [ 4,954,475 14,826,214
325,194 15,116 35,238 375,548 34,956,048 541,150 5,039,830 40,637,028
5,982,877 73,569 237,434 | 6,293,880 11,991,098 536,000 . 9,759,235 22,286,334
1,409,794 4,069 395,678 -1,809,541 15,205,913 2,014,914 56,432,218 73,653,045
. 264,504 65,760 693,073 1,023,337 10,669,294 37,766 7,010,158 17,717,218
1,500,147 30,944 . 276,464 1,807,555
} . - Total.....] 134,544,711 7,148,889 83,367,900 225,061,500
Total........| 11,392,181 271,795 5,878,936 o, 542, 922 % Total.... ] 60 3 37 100
9 Total...._| © 649 L5 33.6 100 :

Source: Data extracted from .“Fish Kills Caused' by Polfution” series, published
annually by the U.S. Environmental Protection Agency.

**Brackish water.”

Source: Data extracted from the “Fish Kllls Caused by" Pollution™ series publlshed
annually by'the U.S. Environmiental Protection Agency.
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rivers, sometimes in large qﬁantities. DDT has been
found in the largest amounts, but it is hot always
the most common residue, although some rivers
have contained it in all the sampling programs. There

have been relatively few. reports of residues of.

chlordane, endosulfan, and toxaphene in U.8. water-
ways, although these are commonly used in the U.S.
Since 1962, there have been surveys of pesticides-in
most of the major waterways. A National Pesticide
Monitoring Network was set up in 1964 as a coopera-

tive effort of the Federal departments making up the
membership of the Federal Committee on Pest Con-

trol. It was initially designed on the basis of the

minimum monitoring needed to establish baseline -

levels of pesticides in substrates of food, humans, soil,

water, air, wildlife, fish, and estuaries'and to-assess.

changes in these levels. This program continued until
the passage of the Federal Environmental Pesticide
Control Act of 1972 (Public Law 92-516) at which
time. the program, received legislative status. The
Environmental Protection Agency (EPA) had taken
important steps te assure an uninterrupted study of
environmental residues and to enlarge and: upgrade
the program. Additionally, as the focal point of
legislative authority, EPA accepted the responsibil-
ity of financing several of the large projects by con-
tracts with another government agency having field
staff quahﬁed to do the work.

Pesticides in the surface 'waters *of " the; US> for
the period 1964-1968 were reported by Lichenberg
in 1970. The monitoring was restricted to chlorinated
‘insecticides. It was found that individual insecticides,
when present, were in fractlons of & part per bﬂhon
(ppb).

A study entitled “Pesticides in Selected Western
Streamis’ was initiated in 1965 by the U.S. Geologl-
cal Survey as a contribution to the national program
The period of 1965 through September 1968 is cov-
ered by two publications (Brown and Nishioka,
1967; Manigold: and Schulze, 1969). In the 1967-
1968 period, 62.5 percent of the ‘‘whole water”
sampled containeéd no detectable insecticides (min-
imum detectable level 0.01 ppb) and the remaining
had individual pesticide levels only in fractions of.a
part per billion. The pesticides monitored were rather
restricted in number (DDT and its metabolities; al-
drin; dieldrin; endrin; -heptachlor-apd its epox1de,
hndane, chlordane toxaphene, endosulfan; phos-
phorothioates; PCB’S ; and three Betbicides: 2,4-D;

-2,4,5-T ; and silvex). -

Duung the period 1968-1971 (Schulze, Manigold
and Andrew, 1973) compounds found included the
common chlorinated "insecticides and herbicides.
“Heptachlor and its expoxide were not detected
during the 3-year period, and aldrin Was found only

-mouth of rivers.

once. DDT was the most frequently occurring in-

" secticide, and 2,4,5-T the most common herbicide.

The amounts observed were -small; the maximum
concentration of an insecticide was 0.46 mg/liter
for DDT; and of an herbicide 0.99 mg/liter for
2,4-D .. Concentrations were highest in water
samples c"ontaining’appreciable amounts of suspended
sediments.” Pesticide concentrations never exceeded

.~ the permissible limits established for public water

under the Water Quality Criteria published by the
Departmient of the Interior in 1968, although in

" several instances concentrations were Ineasured that

were above the environmental levels of 0.05 mg/liter
recommended for marine and estuarine waters.
Organochlorine insecticides are not usually in

. solution in-water because ‘they are all of very low

golubility. Tests on river water emptying into the
ocean, even after draining land heavily sprayed with

_pesticides, may contain relatively low concentra-

tions of pesticides. Yet, in certain conditions, such
as during periods of high turbidity caused by sedi-
ment load, it seems probable that rivers could carry
a-heavy concentration of pesticides to the sea. The

mud at the bottom of many rivers is heavily con-

taminated with pesticides and will eontinue to be a
reservoir for periodic future contaminations.

As a part of a study to assess the potential eon-
tamination - of the -San Francisco. Bay from chlo-
rinated hydrocarbon compounds, bottom materials
from 26 streams tributary to the bay were analyzed
for chlordane, DDD, DDE, DDT and PCB residues.
These . compounds - were found in'all stream bed

samples analyzed, thus illustrating their widespread

distribution in the bay. Chlordane was ubiguitous,
with, a concentration range similar to that of the
other compounds (Law and Goerlitz, 1974).

.. Accumulation: of pesticides in bottom sediments
plays a very important role in their disappearance
from contaminated water. Pesticide concentrations
i the sediments may be much higher than the con-
centrations in the water. Studies in major agricul-
tural river basins in California revealed that an
average pesticide concentration of 0.1 to 0.2 ppb

‘in. river water' may mean that -bottom sedlments

contain 20 to 100 ppb.

It can be expected that rivers would carry pesti-
oides‘fdown to-the sea'so that large amounts of resi-
due could be deposited in estuaries’ and near the
However, there is surprisingly
megger evidence of pesticide residues in those areas.
The report on “‘Chlorinated Hydrocarbons in the
Marine Environment” (National Academy of Sci-
ences, 1971) estimated that “as much as 25 percent
of the DDT compounds produced to date may have
been transferred to the sea. The amount of DDT
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compounds in the marine biota is estimated to be

less than 0.1 percent of total production, yet this

amount has produced a demonstrable 1mpact upon
the environment.”

It was estimated that 1.9 metrlc tons of pestlcldes
are carried into the San Francisco Bay annually by
the Sacramento and San Joaquin Rivers (Risebrough
et al. 1968), and that 10 metric tons reach the Gulf
of Mexico each year from the Mississippi River.
Although thése may seem very large amounts, they
are small relative to the pesticide usage in the vicinity
of these rivers. These residues represent no more
than 0.1 percent of the amounts of pesticides used in
the area supplying water to the estuaries, but some
may be rapidly taken out to sea because of the strong
tidal exchange in the San Francxsco Bay (Frost
1969). :

The Estuarine Monitoring Program was organized
by the Bureau of Commercial Fisheries in 1965 to
monitor the chlorinated hydrocarbon insecticides
reaching the major estuaries on the Atlantic, gulf
and Pacific coasts. In July 1972, the National Marine
Fisheries Service of NOAA withdrew its financial
support and EPA took over the responsibility of the
entire estuarine study. This study has been rede-
signed to include marine life in all of the 200 primary
estuaries listed in the “National Estuarine Survey.”

A recent publication entitled ‘‘Organochlorine

Residues in Estuarine Mollusks, 1965-72—National

Pesticide Monitoring Program’ reports the findings’

covering 15 coastal states during a 7-year period
(Butler, 1973). Shellfish were chosen as ‘indicator’
organisms because they are sessile and readily con-
centrate pesticides from the environment, yet the
chemical is flushed out of their tissues at a uniform
rate when the pesticide is no longer present in the
environment (Duke, 1970). The findings of this
study are summarized as follows:

1. The analyses of 8.095 samples for 15 persistent
organochlorine compounds showed that DDT was
the most commonly identified pesticide and occurred
in 63 percent of all samples analyzed. In most cases,
estuarine pollution with DDT was intermittent and
at levels in the low parts-per-trillion range. The
maximum DDT residue detected was 5.39 ppm.

2. In most estuaries monitored, detectable DDT
residues have declined in both number and magni-
tude in several species of estuarine mollusks in recent

years. DDT pollutmn peaked in 1968 and has been

declining markedly since 1970.
3. Dieldrin was the second most commonly de-
tected compound with a maximum residue of 0.23

ppm.
4, Other organochloring residues (endrm, mirex,

toxaphene, and polychlorinated biphenyls) were:

found only occasionally and generally at low levels,'
with exceptlon of toxaphene :

The report further points out that ‘‘at no time:
were residues observed of sueh a magnitude as to
imply damage to mollusks; however, residues were
large enough to pose a threat to other elements of
the biota through the processes of recycling and
magnifieation.” It is also of interest to note that 38
samples (0.5 percent) had DDT residues exceeding
1.0 ppm. These samples were collected in California,
Florida and Texas in drainage basins having in-
tensive agricultural development.

With regard to California, where approximately
22 percent of the nation’s pesticides are sold, the
report states:

DDT residues i in mollusks were consistently larger in
California than in any other area monitored with the
exception of a single station in south Florida. There is a
clear pattern of maximum pesticide residues being cor-
related with proximity of the monitoring station to
runoff from agricultural lands. In southern California,
where most samples contained typically large re51dues
residues were ' consistently higher ai Hedionda and
Mugu Lagoons, the recipients of agricultural runoff
waters, than at Anaheim Slough which receives inter-
mittent runoff from the urban and industrialized sec-
tions of Los Angeles. Residues in samples from estuaries
draining the intensely cultivated central and southern
parts of the state were larger, by one order of magnitude
usually, than those in samples collected from water-
sheds north of San Francisco Bay . Where dairy land
. predominates.

A preliminary report regarding the influence of
pesticide runoff in Monterey Bay, Calif., points to
the Salinas River as the source of pesticide pollution
(Haderlie, 1970). This is the only major river en-
tering the Bay, and it drains the 100 mile long
Salinas Valley with a drainage area of 4,000 square
miles. The Salinas Valley is one of the richest agricul-
tural areas in California, specializing in lettuce,
broceoli, celery, sugar beets and so on. During a 10-
year period between 1960 and 1969, it is conserva-
tively estimated that 63 tons of DDT were sprayed
on the crops and soil of thevalley each year. Students
at the Hopkins Marine Station héar the bay made a
study during the late spring of 1969 of the DDT
content of the sand-dwellirig mole crab, Emerifa.
This animal does not seem to concentrate DDT con-
tent in high concentrations. Emerita taken from the
open coast outsidé Monterey Bay had too little DDT
in their tissue to be measurable, yet Emerita taken
from sand near the mouth of the Salinas River had
DDT concentrations of 0.14 ppm. In addition, it
was noted that during the late spring and summer of
the same year, more dead seabirds were found along
the shore of Monterey Bay than ever before. At one
period 440 dead birds were found on one stretch of
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beach less than a mile long. Of these, 37 percent had
been oiled, 14 percent shot, and 49 percent had died
of unknown causes. The livers of this third group of
birds were subjected to tests for chlorinated hy-
drocarbons. The dead seabirds contained concentra-
tions of pesticides as high or higher than that re-
corded anywhere. A brief summary of the data is as
follows:

DDE Concentratiohs in Livers

of Dead Seabirds

Brandt’ cormorants._ . ... __._____ 107-155 ppm
Western grebes__ ... . ________ 192-292 ppm
Fork-tailed petrel ___________________ 373 ppm
Askey petrel_____________ . _._____ 412 ppm
Ring-billed gull . ___ ... _____ 805 ppm

Although one cannot be certain that it was the high
concentrations of DDT residues that killed these
animals, circumstantial evidence seems to indicate
pesticides as the cause of death.

In an earlier study concerning the chlorinated
hydrocarbon pesticides in California bays and estu-
aries, it was found that pesticide residues in estuaries
geographically isolated from agricultural areas seldom
exceeded 100 ppb. Pesticide residues frequently
exceeded this level in agricultural regions and were
found as high as 11,000 ppl in shellfish from polluted
areas (Modin, 1969). ‘ '

A similar study was conducted to investigate the
chlorinated hydrocarbon residues in shellfish (Pel-
ecypoda) from estuaries of Long Island, N.Y.
(Foehrenbach et al. 1971). Résults indicate that
the distribution of residues could at times be cor-
related with agricultural use or type of community
in the watershed surrounding the various stations.

EFFECTS OF PESTICIDES
ON ESTUARINE ORGANISMS -

It is becoming apparent that increased information
is necessary about the distribution, concentration;
and elimination of pesticides in estuarine areas.
Most literature reports on pesticides in estuaries
concern: chlorinated hydrocarbons such as DDT,
endrin, dieldrin, and aldrin. However, the overall
picture of the dynamics of these compounds in: the
estuarine environment is obscure.

Potentlally more hazardous are pestlcldes that
persist in the environment and move up in the food
chain. For example, small amounts of chemicals

adsorbed by plankton and insects are transferred in
increasing concentration to fish, birds, animals,
and eventually to man. There is evidence that con-
centrated pesticide residues act adversely on the
reproduction and behavior of certain wildlife species
and may threaten their survival. In certain instances,
pesticide residues accumulated through food chains
have been implicated as causing death of contamin-
ated animals. For example, the loss of fish-eating
waterbirds at Tule Lake and Clear Lake in California
and the reduction of pelican population on the Pacific
coast were attributed to pesticides which had trav-
eled through biological networks and accumulated in
the bodies of these birds.

Several review papers have recently been published .
which bear on the subjeet of pesticides and estuarine
organisms. Butler (1971) discussed the influence of
pesticides on marine eeosystems; Foehrenbach
(1972) described experiments on chlorinated pesti-
cides in estuarine organisms; Whitacre (1972) et al.-
reviewed the pesticides and aquatic micro-organisms;
and Edwards (1973) summarized the literature con-
cerning the persistent pesticides in the environment.
Perhaps the most comprehensive review on the sub-
jeet is the paper written by Walsh (1972) entitled
‘‘Insecticides, Herbicides, and Polychlorinated Bi-
phenyls in Estuaries.”

Phytoplankton

Phytoplankton probably act as primary concen-
trators of pesticides in water. There is evidence that
these toxicants reduce photosynthesis, but biocon-
centration by algae may be more important ecologi-
cally because they transfer many materials to higher
trophic levels. Under laboratory conditions, algal
samples were found to contain dieldrin concentra-
tions ranging from 0.1 to 100 milligram per kilogram
dry weight. Algal concentrations of dieldrin were as
much as 30,000 times those oceurring in the water
(Rose and McIntire, 1970). Algae are the primary
producers in the aquatic environment. Grazers and
higher consumer organisms depend upon algae as a
food souree, either directly or indirectly.

Extensive pesticide accumulation by select algal
communities constitutes a contaminated food source
for animals which feed on those forms.

Invertebrates

Organochlorine insecticides are so toxic to aquatic
invertebrates that these aquatic organisms have long
been used to bioassay insecticides. A more complex
problem than that of toxicity is the accumulation of
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pesticides in various aquatic organisms. When
pesticides reach water, they aré rapidly adsorbed by
the bottom sediment, plankton, algde, aquatic in-
vertebrates, aquatic vegetation, and fish. Such
accumulations, often incréasing through different
trophic levels in aquatic organisms, have been
demonstrated experimentally by several w orkers and
are well-known.

Organochlorine insecticides are relatively ™ in-<
soluble in water but seem to have a great daffinity for
the tissues of aquatic invertebrates. Most of these
aquatic organisms seem to cortain some residués
of these insecticides; the only difference is that those
from the more remote areas such as Antarctica seem
to contain less than those from more temperate
regions closer to main usage areas of these insecti-
cides. Other than this, the amount reported  does
not seem to differ significantly between organisms
that live in freshwater, seawater lakes, r1vers, or
estuaries.

Organic particulate matter of estuaries is an ‘im-
portant food source for benthic organisms. In areas
where most of the primary production occurs through
the slow bacterial decomposition of such plant ma-
terials as marsh grasses, rushes, and mangroves; a re-
lease of pesticide residues to the water may occur.
This decaying plant detritus becomes an enriched
food source when utilized by other microorganisms.
The mud dwelling fiddler crab concentrated DDT
residues in its muscle tissues after consumption of
detrital food material from sediment (Odum et al,
1969). In the field, DDT residues appeared to be
associated with particulates in the range of 250 to
1,000 microns. Because crabs and other detritus-
feedmg animals consume particulate matters of that
size range, the authors concluded that organic de-
tritus particles constitute a reservoir from which the
pesticides enter the food chain.

Oysters extract nutrition from the aqua,tlc en-
vironment by filtering particles of food from the
water which is continuously passed in and out of
their bodies. The organisms accumulate pesticide-
contaminated particles in this fashion. Oysters
efficiently store trace amounts of pesticides and are
used as estuarine monitoring organisms by the Gulf
Breeze Laboratory of EPA. They provide a sensitive
index of the initiation, duration and extent of chlor-
inated hydroearbons’ pollution in an estuary. The
concentration or elimination of residues in oysters is
dependent upon the level of pollution, the water
temperature, and their position relative to the water
flow. To eliminate DDT residues of 150 mg/kg may
require three months or longer while residués of less
than 0.1 mg/kg may disappear inabout two weeks.

Chronic exposure to sublethal concentrations of

pesticides can reduce productivity of estuarine fish
and shellfish (Butler, 1969). The insecticides DDT,
toxaphene, and parathion are toxie to oysters at
concentrations of approximately 1 ppm in water.
When exposed to only 1.0 ppb of each of these in-
secticides separately, no effects were noted in young
oysters (Loew et al. 1971). The population of marsh
fiddler crabs was significantly decreased by treat-
ment of their habitat with abate, an organophos-
phorus insecticide, according to Ward ahd Howes
(1974). The population decrease may have resulted
from sublethal effects which rendered the animals
more vulnerable to predators. 4 L
. The effects of organochlorine insecticides on
aquatic invertebrate populations may constitute
both direct and indirect hazards to other animals.
The most susceptible of these organisms are the
smaller crustacea, which are killed by amounts of
the order of 1.0 ppm X 10% Still susceptible, but
less 50, are the larger crustacea.

Invertebrates that are not killed may exhibit a
variety of indirect effects of the pesticides, such as
loss of coordination and other behavioral symptoms,
loss of fertility, or retardation of growth (Idwards,
1973). Considerable changes in the species’ habitat
structure may occur if predators and their prey
differ in susceptibility to these chemicals. All of
these effects may greatly influence overall popula-
tions of aquatic invertebrates and, since these are a
major food source for fish, may exert strong environ-
mental pressure on fish populations. Moreover, the
residues in their bodies may accumulate in the tissue
of fish and other animals that eat them and in this
way exert further environmental stress. -

Vertebrates

“The literature on'residues of organochlorine in-
secticides in fish is very extensive. One cah only
consider the subject very generally ‘and select data
from some of the recent studies, which should serve
to provide a general assessment of current status of
pesticide levels in fish and other vertebrates. It is
well known that marine fishes contain insecticides
and, in general, are less susceptible to poisoning than
some other aquatic forms (Table 6).

In general, organophosphorus compounds tend to
be more acutely toxic than the organochlorines, and
herbicides are less toxic than insecticides (Butler,
1971). Effects of organophosphates may last for only
hours or days, whereas the organochlorines are more
persistent and exert their effects following bioac-
cumulation and magmﬁcatmn in" trophic pyramids.

Of all the organochlonnes, DDT is by far the most
common and oceurs in the greatest amounts. There
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Table 6.—Acufe Toxicity (24 hours) of 240 Pesticides to Estuarine Fauha

No Effect Toxic to 209 of Test Population
Pesticide 1.0 0.1-10 0.01-0.1 0.001-0.01
(ppm) % %G ... % %o
Fish oo Y 16 8 0 o
Shrimp...--.J ’ 3| - 14| - 33 . 20
Oysters_.... S 41 21 33} . 5

Source: Butler, 1971

is some evidence that the amounts-of organochlorine
residues accumulated by fish are influenced by the
lipid content of the fish; the more lipid they contain,
the less susceptible they are to the pesticide. Simi-
larly, the larger the fish, the greater the coneentra-
tion of residues they may contain. Hannon et al.
(1970) found that fish in the higher trophic levels
tended to have a large proportion of the organochlo-
rine residues that they contain-in the form of metabo-
lites such as DDE, DDD, heptachlor epoxide, and
dieldrin. It has been reported that there were greater
concentrations of organochlorine residues in fish
from higher trophic levels, even when movement of
the residues through a food chain was 1mposs1b1e
(Hamelink et al. 1971).

The amount of pestmlde in a field populatlon may
also vary over the seasonal cycle in different species.
Concentrations of DDT in the Triphoturus mexicanus
taken from the Gulf of California increased with size
of the fish (Cox, 1970). The annual variation in the
content of DDT and its metabolites in five species
of fish from the estuary near Pensacola, Fla., was
observed by Hansen and Wilson (1970). They stated
that pesticide residues in benthic fishes which remain
in one location are better indicators of pollution than
residues in pelagic fishes.

Fishes are generally more resistant to pesticides
than shrimps and oysters but are more sensitive
than other vertebrates to organochlorine-pesticides.
Fishes do, however, vary in their responses to avoid
water containing DDT, endrin, -Dursban and 2,4-D.
When fish were given a choice of two concentrations
of the pesticides, the highest concentration of 2,4-D
was avoided, but the highest concentration of DDT
was preferred (Hansen, 1969). The author suggested
that if the capacity to avoid a pesticide is controlled
genetically, fish which survive pollution by this
means would produce more offspring with the capa-
city to avoid the chemical. Thus, genetic ability to
avoid pesticides would have survival value for the
species. Fabacher and Chambers (1971) found that
mosquitofish probably result from other factors in
addition to increased lipid content. These may in-
clude decreased uptake, ‘“‘resistant’” nervous tissue,
stress-tolerance, or others. The total mechanism or

resistance is probably a complex 1nteract10n of
many, many factors.

Organochlorine insecticides in the estuarine en-
vironmént constitute both direct and indirect haz-
ards t6 fish and to those organisms that feed on
fish. The indirect aspect is that plankton and other
fish food may adsorb large quantities of these chemi-
cals, thus poisoning the fish that eat them. Alterna-
tively, when the fish take up residues, they may be
affected by them. Many indirect sublethal effects of
organochlorine residues on fish have been reported;
they include lower disease resistance, sub-normal
feeding rates, and reproductive failure, to mention a
few. Another hazard caused by pest1c1de residues in
fish results from the fact that thése animals are a
major source of human food. If residues in fish are
large, they may accumulate in man to a possibly
hazardous level. In countries with more stringent
legislation, these fish would be unsalablée as human
food. The rejection of fish products because of high
concentrations of pesticides, e.g.,, DDT in Cali-
fornia_jack mackerel, can pose a hardship to fisher-
men and an economiec burden on governments.

Estuarine Birds and Mammals

Extensive literature exists detailing effects of
pesticides on estuarine birds (Moore and Tatton,
1965; Heath et al. 1969; Anderson ¢t al. 1969; Lamont
et al. 1970; Lamont and Teichel, 1970). A recent
report by Johnston (1974) mdlcates a decline of
DDT residues in migratory songbirds killed when
the birds flew into television towers in Florida. The
results showed a progressive ‘decline in ‘the con-
centration of DDT and its metabolites (DDD and
DDE) in'their fat depots for the period 1964 to 1973.
This decline is apparentlv correlated with decreased
usage of DDT in the United States during the same
time, accordmg to the author. '

Little is known, however, about pestlcldeq in mam-
mals. DDT was found in seals from the Antarctica
and in grey seals, common seals, and harbor porpoises
in England and Scotland. Pesticides have also been
found in whales (Wolman and Wilson, 1970). Blub-
ber of grey whales and sperm whales from waters
near San Francisco contained up t0'6.0 ppm of DDT.

MINIMIZING PESTICIDE POLLUTION
IN THE ESTUARINE ENVIRONMENT

Estuaries are vital nursery and feeding grounds
for major commercial fisheries. The possibility that
they might act as “‘a sink for the pers1stent pesti-
cides” is intolerable (Butler, 1971).
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There is little doubt that the persistent pesticides,
particularly DDT and dieldrin, are major long-term
contaminants of the aquatic environment, and small
traces can be found in almost all compartments of
our ecosystems. The situation with respect to estua-
rine pollution from pesticides emphasizes the need for
more basic research. Investigations to establish safe
limits for toxicants in water cannot be done on a
short-term basis. Effective research in this area
requires long-term commitment of government
agencies and the public at large. '

Use of Alternative Pesticides

The main problem of finding alternatives for
persistent insecticides is not that suitable insecticides
cannot be developed, but is economie, because per-
sistent ingecticides can be made and sold so cheaply.
Additionally, one dose gives protection against soil
pests for several seasons. The recent shift in pesticide
usage from the organochlorines to the so-called
“substitutes” or ‘“non-persistent’” pesticides is an
encouraging trend. However, the less persistent
substitutes such as organophosphates and carba-
mates, which are gaining in popularity, are also
more toxic to man and certain other non-target
organisms. Although there is a considerable knowl-
edge about the residues of these substitutes and
about their metabolism in target organisms, little is
known about their overall effects on our aquatic
environment.

Metealf et al. (1972) demonstrated the possibili-
ties of producing selective and biodegradable ana-
logues of organochlorine insecticides using a model
ecosystem for the evaluation of pesticide biodegrada-
bility and ecological magnification(1972a). Metealf
(1972b) emphasized that the principle of selectivity
and biodegradability must be included in the future
development of better pesticides if we are to begin to
solve the many problems of human ecology and
environmental pollution arising from pest control.

The use of biological agents is promising. Two
bacterial pesticides are now commercially available
and have registered with EPA—DBacillus popilliae
and B. thuringiensis. These insecticides have a num-
ber of important advantages. They effectively con-
trol specific insects, do not harm humans, livestock,
fish, wildlife, and beneficial insects, and do not dam-
age plants. Furthermore, insects do not become re-
sistant to these control agents. On the other hand,

the bacterial insecticides are not as fast-acting as
' most conventional chemical insecticides. Usually,
bacterial insecticides are a more expensive means of
insect control. And poor weather conditions may
prevent proper control.

Better Use of Pesticides

Many of the pesticide problems that have arisen
through the use of persistent pesticides are due to
careless use as well as unnecessary use of chemicals.
Too often, large areas of land have been indiscrim-
inately sprayed to control forest insects, mosquitoes,
or agricultural pests. Aerial sprays fall on all parts of
an ecosystem. Such spraying operations should be
severely limited, even with non-persistent pesticides.
A notable example is the disastrous effect on aquatic
animals resulting from the use of mirex to control
fire ants in the southeast United States. This pesti-
cide is highly persistent in the natural environment
and has been shown to be moderately carcinogenic
when injected in laboratory mice. Subsequent long-
term studies have demonstrated chronic toxic effects
on crabs and shrimp. A national survey of oysters
and other shellfish demonstrated that mirex is the
fourth most commonly found pesticide residue. It
was also reported that mirex contaminates shellfish
in estuarine drainage areas of southern states.

New formulations are now available to slowly re-
lease pesticides at the time needed. Recently, EPA
granted final label approval for the first commercial
marketing of a microencapsulated pesticide, Penn-
walt Corp’s Penncap-M, which consists of a suspen-
sion in water of polyamide microspheres containing
methyl parathion. Such formulation offers a promis-
ing approach to achieving more efficient, more econ-
omical, safer, and more controlled use of pesticides.

Integrated Pest Management

In recent years, the concept of integrated pest
management has been re-emphasized. The goal is to
bring the best of all available control techniques to
bear against pest problems rather than to rely solely
on chemical pesticides. Its strategy is one of “‘man-
agement and containment” rather than “seek and
destroy.” This method combines the intelligent man-
ipulation of natural control techniques with the
essential use of pesticides; it has been successfully
applied in several parts of the world. In Israel, effec-
tive programs have been set up against citrus pests;
in California for pests on cotton, alfalfa and grapes;
and in central Europe for pests in orchards.

Removal of Pesticides

Runoff from agricultural land is an important
source of pesticides in rivers and estuaries. Control-
ling such runoff through good soil-conservation prac-
tices would substantially decrease the contamination
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of water. In regard to industrial and municipal
discharge, efforts should be made to increase the
efficiency of extraction of pesticides from the water
and other detoxification processes such as microbial
degradation and energetic radiation (ultraviolet or
£amma, ray).

Better Understanding
of Estuarine Ecosystems

" There is an urgent need for detailed and extensive
studies on the effects of pesticides in the estuarine
and marine environments. Only with additional
scientific data will a sound estuarine management
policy be possible. Immediate attention is required
to clarify the effects of environmental variables on
the acute toxicities of pesticides to sport and com-
mercial fishes as well as on their effects on various ele-
ments in the food web. In addition to laboratory re-
sults, information is needed on toxicity under natural
conditions. For example, what effects do water chem-
istry, temperature, biota, and many other environ-
mental factors have on toxicity? What is the
significance of the size, age, and condition of the fish?
This information is essential if sound predictions
concerning the biological effects of pesticides are to
be made. .

" Little is known about the long-term, sublethal
effects of pesticides on fishes or other aquatic or-
ganisms. To gather information requires prolonged
exposures of fishes to variable concentrations of the
toxicant in question.

Much information is needed on the manner in
which an ‘‘unstressed’” estuarine system operates
before one can properly assess the impact of a pesti-
cide or other chemiecals on such systems.

" The interactions of the various communities with
each other and with their physical environment could

be affected by a pesticide. One way to quantify such
effects is to construct an experimental ecosystem in

which several species of organisms and their sub-
strates can be subjected to the pesticide (Duke,

1974) to obtain information on rates, routes and
reservoirs of accumulation. Once a satisfactory com-
partmental model is developed, substituting different
data enables the impact of different variables to be
evaluated.

Governmental Control
of Pesticide Use

On October 21, 1972, the President signed into
law H.R. 10729, the Federal Environmental Pesti-
cide Control Act of 1972 (Public Law 92-516),
amending the Federal Insecticide, Fungicide, and

Rodenticide Act (FIFRA) of 1947. All provisions of
the Act must be in effect by October 1976. The new
act, FIFRA as amended, extends federal registration
and regulation to all pesticides, including those dis-
tributed or used within a single state. It requires the
proper application of pesticides to insure greater
protection of man and the environment.

The FIFRA was administered by the U.S. Depart-~
ment of Agriculture until the authority was trans-
ferred to the Environmental Protection Agency
(EPA) when it was established in December 1970.
EPA has the authority to cancel a pesticide registra-
tion if it was later determined that the directed use
of the pesticide posed a serious hazard to man or the -
environment. EPA also can suspend a pesticide regis-
tration and stop interstate shipments immediately.
Unlike eancellation, suspension orders can be initi-
ated only when the products present an ‘“‘imminent
hazard.”

Within the last few years EPA has taken several
control actions against a number of persistent
organochlorine pesticides. In 1971 EPA initiated

‘cancellation proceedings under FIFRA against

DDT, mirex, aldrin, and dieldrin. After extensive
hearings, the agency announced cancellation of
nearly all remaining uses of DDT in June 1972,
based on potential future hazard to man and his
environment. The agency has also limited the use of
mirex against the imported fire ant in the south-
eastern United States, primarily because of hazard to
aquatic life.

On August 2, 1974, EPA issued suspension notices
for aldrin and dieldrin, citing evidence of “imminent,
hazard.” On October 1, 1974 EPA administrator
Russell Train ordered an immediate suspension of
further production of aldrin and dieldrin, because of
evidence they may cause cancer. This order became
final on May 27, 1975 when EPA Chief Administra-
tive Judge H.L. Perlman announced that the U.S.
Court of Appeals for the District of Columbia had
ruled that aldrin and dieldrin create ‘“imminent

- hazards” when used.

On November 26, 1974, EPA gave notice of its
intent to cancel all registered uses of heptachlor and
chlordane which are now in widespread use for home,

lawn, and garden pest control. Their major agricul-

tural use is on corn crops. On July 30, 1975, EPA
ordered dn end to the manufacture and sale of the
two pesticides, citing an imminent human cancer
hazard and the available substitute pesticides now
registered with EPA. However, this suspehsion
order allowed continued production of these two
pesticides for termite control by ground insertion
and the dipping of roots and tops of nonfood plants.

In 1971 and 1972, EPA issued suspension and
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-eancellation notice for mercury pesticides. A variety
of organic mercury compounds are used in agricul-
ture as fungicides and in the paper industry as
‘slimicides. If they find their way into the agquatic
environment they are readily convéerted under
anaerobic conditions to methyl-mercury compounds
which are very readily taken up by aquatic orgamsms
and accumulated in the food cham

SUMMARY

Trends in the production and use of pesticides in
récent years indicate that there will be an increased
demand for pesticides during the next decade due to
the mounting demand for food and the need to reduce
the devastation of food supplies by insects, weeds,
and diseases. According to a World Health Organiza-
tion estimate, about a third of the agricultural
products grown by man worldwide are consumed or

- destroyed by insects. There is little doubt that pesti-
cides will continue to play an important role in the
production of food. . .

The most difficult pollutlon control problem—for
estuarine and coastal waters—is posed by wastes
which do not come from a point source, such as
pesticides from runoff and drift. Agricultural pesti-
cides enter the estuarine environment through their
direct application to water, runoff and sediment
‘transport from the treated fields, atmospheric trans-
port, industrial and municipal waste dlscharge, ac-
cidents and spllls :

Fish kills in the United States are well known
Agricultural operations ranked fourth in the total

" number of fish killed, and pesticide was the leading
source of agrmultural 'pollution, with 11.4 million
fish fatalities between 1963 and 1972. In 1971 about
77 percent (56.4 million) of the total reported fish
kil oecurred in the estuary-type water. The signifi-
cant increase of fish kills in the estuaries since 1968
is of great national concern since estuaries serve as
breeding and nursery ground for many species.

Monitoring data have so far been limited primarily
to chlorinated hydrocarbons, because .of their num-
ber, wide use, great persistence in the environment,
and toxicity to certain wildlife and non-target or-
gamsms At present, all of the different organochlo-
rine insecticides:have been reported from U.S. rivers
and estuaries, sometimes in large quantities. Al-
though these residues do not seem to present immedi-

_ate” danger to fish and shellfish, they were large
enough to pose a threat to other eléments of the
estuarine ecosystem through recyling and magnifica~
tion. Present monitoring data indicate that-maxi-
mumi pesticide residues can be correlated with prox-
imity of monitoring stations to agricultural runoff.

Long-term sublethal effects of pesticides in estu-
aries are very difficult to assess at the present time,
as most data on pesticide effects are limited to a few
species and concentrations that are lethal in short-
term tests under laboratory conditions. It is only,
perhaps, in regard to the persistent organochlorine
pesticides, DDT and dieldrin in particular, that
more information is available concerning their. be-
havior in the aquatic environment. It is now rela~
tively easy to determine the concentration of a wide
variety of organochlorine pesticide residues in estu-
arine and marine samples. It is, however, much more
difficult to establish the significance of the residues
either at the species or commumty level.

Health hazards to man arising from pesticide pol-
lution in the estuarine environment have resulted
from the persistence of pestlcldes in water, bioaccum-
ulation in estuarine food chains, and some localized
contamination of the coastal waters. Depending on
the chemical nature of the pesticide and its biological
behavior, the health hazard to man may be of an
acute nature for people exposed locally or the result
of chronic low level exposure of the general popula-
tion from ingestion of contaminated food. Critical
assessment of the ultimate health hazards of indi-
vidual pesticides requires an adequate knowledge of
their behavior in the estuarine ecosystem, their
pathways through the dynamic system existing in
the estuaries, and their fate in terms of accumulation
or transformation. It is also necessary to have quan-
titative data for each of the various stages through

. which a pesticide passes before it finally comes in

contact with the human organism. As in other areas
of toxicological research, there is the added difficulty
of extrapolating experimental studies in animals to
man in order to measure the probable hazards to man.

Recent regulatory actions taken by the Environ-
mental Protection Agency have placed a near total
ban on domestic use of DDT, aldrin, dieldrin, hep-
tachlor, and chlordane. Undoubtedly, for many years
to come, these persistent chemicals will continue to
be detectable in the estuarine environment due to
seasonal flooding and the resuspension of estuarine
sediments.

Pesticide pollution in the estuarine environment
can be minimized through the use of alternative
pesticides, more effective use of pesticides, removal
of pesticides from water, improvement of farm man-
agement practices, and a better understanding of

pesticide behavior in the estuarine ecosystem.
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~ ABSTRACT

American is facing a serious energy .crisis;, as domestic petroleum supplies are consumed at a
greater rate than new reserves can be located and placed in production. It is necessary to the
nation’s economic and political security to expand the search for crude oil and natural gas into
the frontier areas of our Outer Continental Shelf. Expertise gained through more than two decades
of exploration for and production of crude oil and natural gas in the Gulf of Mexico, and the
advances in exploration, drilling and production technology and equipment, minimize the danger
of environmental damage from offshore petroleum operations. Studies of the impact of oil on the
marine and estuarine areas are continuing, and the results so far indicate that petroleum operations
can be and are being conducted in an environmentally acceptable manner.

INTRODUCTION -

A great deal of misunderstanding exists concetn-
ing the impact of petroleum operations on the
biological, economie, and environmental sectors of
the marine and estuarine areas. This misunderstand-
ing, in turn, has led to public concern, particularly
in light of proposed expansion of offshore petroleum
industry activities following the energy crisis.

It would be naive—and inaceurate—to suggest
that a significant expansion of exploratory, produc-
tion, transportation, and refining activities would
be without some impact on shore and near-shore life.
But it would be equally naive—and inaccurate—to
suggest that such impact as would oceur would be
all negsdtive, or that any impact, per se, would be
intolerable from an environmental point of view.

There is clearly an urgent need to not only protect
and sustain the viability of our estuaries, but to
develop secure domestic petroleum reserves as well.
Our economie and political structure was visibly
shaken by the 5-month embargo of Arab crude oil
and products refined overseas from Arab crude, and
by the fourfold increase in the eost of imported oil
imposed by the Organization of Petroleum Exporting
Countries.

THE NATION’S ENERGY MIX

Petroleum, that is, erude oil and natural gas, pro-
vides this nation with 77 percent of its current
energy requirements. Crude oil supplies 46 percent;

natural gas, 31 percent. Our heavy dependence on
petroletirn is the product of many factors, not the
least of which have been-—and continue to be—
environmental considerations.

In the case of coal, which currently provides 18
percent of the energy market, environimental restric-
tions have played a major role in limiting production.
Bans or severe restrictions on the use of the more
economical mining methods, as well as sulfur emis-
sion control staridards—some of which go far beyond
the need to protect national health and safety—
have greatly hampered moves to increase coal pro-

‘duetion and use. This has been an important factor

in inecreasing demand for petroleum, as an alter-
nate fuel in manufacturing and. electrical power
generation.

Further demand has been placed on petroleum by
the seemingly interminable delays in trying to site
and construet nuclear power generating plants, and
in allowing onstream operations of existing facilities.
While technological problems have caused some of
these delays, environmental considerations were at
the base of many delays——and, in some cases, cancel-
lIations—of nuelear plant construction. Thus, despite
the rosy future predicted for power from nuclear
reactors during the 1950’s and ’60’s, less, than 2
percent of U.8. energy is now .derived from nuclear
generators. ' .

A similar fate has befallen potential hydroelectric
power plant construction. Virtually every attempt
to develop a new hydroelectric power site is blocked
by environmental opposition. The few remaining
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gites for hydropower installations have—for all prac-
tical purposes-——been ruled out of cons1derat1on by
envirenmental. activities. ’ -

Thus, we have been left with a growmg depend—
enee on -oil and natural gas' as. the suppliers—at
least for the next 10 to 15 years—of our nation’s
energy. Continued reliance on- potentially insecure
and high cost foreign oil, however, is not a praetical
solution to our energy problems: The ecoromic con-
sequences of over-dependence on' imports—both
from a security and balance of payments aspect—
should have been ‘indelibly’ engraved on the public
conséience in the aftermath of Wmter 1973-74 and
in the outflow of U.S. ‘dollars in 1974,

Yet, if we are to keep eveh bur present level ‘of
product1v1ty~—much less increase our industrial ac-
tivities to meet the needs of an economic upswing—
U.S. import$ of crude and refined oils must tempo-
rarily continue. There is no viable alternative, just
as there is no viable alternative to inereasing our
domestic exploration and production activities. Only
increased availability of petroleum will permit the
nation to buy the time needed to develop alternate
energy sources.

" There is, on the horizon, the vision of a number
of self—renewmg, non—pollutmg eénergy sourcés, These
include—but are not limited to—ocean, tidal” and
wind power, geothermal energy, nucléar ﬁssxon and
solar power. Prototype facilities and/or laboratory
models exist for some of these energy alternatlves
But it will be a number of years—perhaps into the
next century——before ‘they beeome economically
feasible. ' Time, however, is the weritical factor. For
all .practical purposes, petroleum is the onlymajor
energy source with the proven technology' capable
of producing sufficient fuel to tide this nation over
un‘ull alternate energy sources become reality.

The United States Geological Survey estimates

that the remaining total petroleum resources of the
United States, discoverable and recoverable under
today’s technology and economies, may range as

high as 189 billibn barrels of oil and 1,094 trillion

cubic feet of mnatural gas. The onshote potential,
however, appears less readily recoverable than the
potential of ‘the, Outer Contlnental Shelf (OCS)
The largel more readlly locatéd onishore areas are
believed to have béen found and placed into produc-
tion. The primary loeations for additional -onshore
resources are thought to lie-at greater depths and
in undeveloped hostile areas. Thus, the need to
search out:the-oil and natural gas deposits of the
OCH assumes greater 1mportance S

OFFSHORE PETROLEUM i

rEXPLORATION AND PRODUCTION

" The. Umte,d States ,Geologlcal Survey has esti-
mated that the diseoverable, recoverable petroleum
resources of the OCS may range from 10 billion to
49 billion barrels of erude oil and 42 trillion to 181
trillion cubic feet of natural gas. By geographie
area, these deposits are thought to be within the
following estimated probability range: .

Crude o1l Natural. gas
S (¢n bellions  (in trillions
Offshore Aréa of barrels) of cubic feet).
Atlantic..______._. 2-4 - 5-14
Gulf of Mexico___. 3-8 1891 -
Pacifie________..__ 245 - 2-6
- 3-31+

8-80 -

 Development’ of this potential becomes all the
more expedient in light of the almost steady decling
in the ratio of U.S. proved reserves to production;
stemming, for the most part, from governmental
interference in-the fuels markétplace. U.S. domesti¢
production peaked in the early 1970%. And it will
be several years before that situation: begins to be
reversed by the flow of oil from Alaska’s north slope;
inereased production through’secondary and tertiary
recovery methods, and new production from exist-
ing, but not fully developed, fields. Nevertheless,
the master key to petroleum security rests firmly in
unlocking the as yet undiscovered potentlal of our
Outer Continental Shelf.

Petroleum exploration and: production from ma-
rine areas is not an experimental undertaking: As
far back as the late 1890’s, underwater drilling was
a fact of life in California, where piers were extended
into the water to support drilling and production
facilities. However, modern drilling and safety tech-
nology ‘had its origin in petroleum operations in the
Gulf of Mexico, with drilling startmg in earnest
following World War IT.. -

To date, motre than 19,000 wells have been drilled
in-the U.S. marine environment. And, ini fact, nearly
17 percent of all domestie oil 'and 19.5 percent of our

natural ‘gas production in the U. S today, comes

from offshore activities. -

Yet, despite the headlines which would mdlcate
othervnse there have been only four significant cil
spills frcm drilling and production operations in our
offshore “areas. And none, not even the ‘much-
publicized spill in the Santa Barbara Channel in
1969, caused permanent ecclogical damage.

Sinee that spill; marine exploratory and produc-
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tion technology has improved greatly. Both industry
and governmental specifications have ‘undergone
significant upgrading to decrease oil spill potential.
Safety equipment, monitoring techniques, and per-
sonnel training in spill prevention and ecleanup have
advanced. The capability of the industry to mini-
mize environmental damage has been substantlally
enhanced.:. ’

EFFECTS OF OiL ON MARINE BIOTA

- Quite frankly, prior to the Torrey Canyon acei-
dent off the Cornwall Coast of England, and the
Santa Barbara spill about two years later, there had
been little investigation of the fate of oil in the
environment. Such is no longer the case. While much
is yet to be learned in this area, a number of facts
have evolved from ex1st1ng research

In May 1969, a series of studies—part of a multi-
million dollar research program-—was initiated by
the American Petroleum Institute. These. studies
were designed to develop scientific answers to ques-
tions surrounding the fate of oil in the marine
environment and its biologieal impact. The studies
have been and are being conducted by some of the
nation’s' leading universities and independent re-
search laboratories. Research contracts have been
awarded to.such institutions as the University of
Southern California, University of Maryland, Texas
A & M University, Seripps and Woods Hole Institu-
tions of Oceanography, Battelle Northwest and Bat~
telle Columbus, Laboratories, Exxon Research and
Engineering, and the Bermuda Biological Station.

The petroleum industry, through the API pro-
gram, wanted to find out, for example, answers. to
these questions: What happens to oil in the sea;
how much is evaporated, goes into solution, is phys-~
ically dispersed; what are the mechanisms that
brought about these changes; and what are the
effects of climatic, oceanographlc, meteorologlcal
and chemical influences on oil in the sea.

The studies sought answers to: blodegradatmn
processes and how they vary as a funetion of climate,
bacterial composition and distribution, nutrient up-
take; and seasonal variation. The effects of oil on
the. food chain have been studied, including the
impact on organisms at the egg, larvae, juvenile,
and adult stages, and on their subsequent genera-
tions. Questions as to the effeet of dispersants

superimposed on an oil-polluted biosystem have been:

considered. Bioassay data on No. 2 fuel oil, various
crude oils, and residual fuel oil were sought, includ-
ing the retention, concentration, and depuration of
such oils by marine organismas. Finally, the industry

wanted to determine the’immediate and long-term
effects of an oil spill, and how this differs from
chronic oil pollution sustalned by pers1stent natural.
seepage. . .

At this early date, all of the results of this ambl-
tious research pregram . are not in. However, the
facts that have evolved—coupled with other inves’oi-
gations throughout the world—confirm:certain data
and - put o -rest certain ‘myths and speculatlons
These known facts are: . ‘

1) The fate of ol and 1ts 1mmed1ate and long-
term impact depend upon a hlghly complex inter-
relationship of physical, chemical, and -biological
factors. These include evaporation, dlspersmn flush-
ing, dissolution, photo oxidation, littoral deposition,
sedimentation, accumulation, mierobial oxidation,
and last, but most important, organism uptake.
In the majority of| spills, w1nds currents, and
tides rapidly dilute or dlsperse the oil beloW toxic
concentrations. .

.2) Oil is ingested by marine organisms, such as
shellfish, shrimp, and finfish. The effects depend on
the particular species, its stage of growth, and the
amount and kind of oil ingested. Recent uptake
and depuration studies have been conducted by the
Battelle Northwest Laboratories in Puget Sound, at
the Texas A & M Marine Research Labmatory in
Galveston, and at the Scrlpps Institution of Ocean-
ography in California. Admittedly, laboratory stud-
ies have their limitations when it comes to predicting
the effects of oil on organisms in the real world.
Nevertheless, the results of such studies have con-

firmed -that marine organisms do accumulate petro-

leum hydrocarbons, but once placed in an oil-free
environment, the. organism quickly discharges the
ingested oil. For example: - :

(a) At Texas A'& M, brine shrimp were found to
absorb and purge aromatic hydrocarbons in a matter
of hours. No metabohzatlon of the oil fractlons
oceurred.

(b) At Sonpps, however, three - different species
of fish were found to detoxify these hydrocarbons
by metabolizing them in the liver and excreting the
byproduets in their urine.

(¢) At the Battelle Northwest Laboratorles, Pa-
cific oysters that had assimilated oil were found
to depurate the hydrocarbons within a few days
when returned to an oil-free environment.

(d) In the Plymouth Laboratory in Englahd, the
spider crab Maia sgidnado was found to rap1dly
detoxify and exerete naphthalene.”

‘3) Biologital damage to an ecosystem depends
upon such factors as: the type of ‘oil spilled, biota
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of the area, the dose of vil, the physiography of the
area, the season, weather conditions, previous expo-
sure of the area to oil, exposure to other pollutants,
and treatment of the spill.

4) Three conditions must prevail for damage to
oceur from a spill: (a) a refined oil must be in-
volved; (b) the volume of oil spilled needs to be
large with respect to the receiving body of water;
and (¢) storms or heavy surf must thoroughly mix
the water, oil and sediments in the area.

5) Crude oil constituents, especially the volatile
aromatics—naphthalenes and olefins—which have
a low boiling point, are far more toxic than are the
remainder, and are more soluble in water. Fortu-
nately, these lighter constituents quickly evaporate,
so that the risk is a short-term one.

6) Certain polynuclear aromatics, such as 3,4
benzpyrene, are potential carcinogens. Some of them
oceur in crude oil in minute quantities. It has been
postulated that these carcinogenic polynuclear aro-
matics are assimilated by marine organisms and are
concentrated as they are passed up through the
food chain to man. There is no evidence, however,
that abnormal growths, either tuwmors or eancers, in
man or marine organisms result from oil spilled in
the marine environment and subsequently trans-
ferred through the food chain. Another team of
scientists, who did their research on the Sargasso
Sea, ecosystem, found that petroleum hydroearbon
concentrations were essentially constant throughout
the food chain. Polynuclear aromatics, incidentally,
are produced by vegetation and phytoplankton in
large quantities, and are, moreover, biodegradable.

7) Refined oil, such as No. 2 fuel oil, is generally
more toxic than crude oil. When massive amounts
of such oil inundate coastal areas for sustained
periods of time, extensive damage to marine fauna
can occur and complete restoration may take years.
Fortunately, such episodic spills are rare.

8) No spill, not even the most severe (e.g. Torrey
Canyon, West Falmouth, and the Tampico Maru),
has resulted in any permanent damage to the en-
vironment. In most spills, biological recovery is
achieved within a few generations, involving less
than one year.

9) Only about 20 percent of the more than 100
spills classified as “major,” that occurred between
1960 and 1971, resulted in sizeable seabird mortality.
According to one study, for other forms of marine
life, damage was deseribed as extensive in approxi-
mately 15 percent of the spills. In several of the
spills, damage to marine life was caused by the
misuse of highly toxic dispersants. Such dispers-
ants have now been largely replaced by nontoxic
substitutes.

10) Low levels (10-100 ppm) of oil dispersant
emulsions can, under laboratory conditions, reduce
primary productivity of marine phytoplankton and
its production of ehlorophyll a. Oil dispersant emul-
sions at a level of less than 1 ppm, however, have a
stimulatory effect on the phytoplankton resulting
in an increase in the mean productivity rate.

At such low concentrations, oil.is a nutrient—a
source of carbon. When flagellates are exposed. to
highly toxic water-soluble oil concentrations for 24
hours, their growth rate and production of chloro-
phyll @ is virtually stopped. When transferred to a
fresh medium, they resume normal growth rates
(1 to 15 generations each 24 hours) and chlorophyll
¢ production within three to four days. Only a
relatively small number of flagellates need to survive
to repopulate rapidly a given area after a spill.

11) Salt marsh grasses, when exposed to oil, will
recover very quickly, especially if no detergent
treatment is undertaken and repeated oilings do
not oceur.

12) With rare exceptions, oil spills do not cause
death to free swimming finfish. Such fish evidently
sense the presence of oil and swim clear of the slick.
However, fish that swim near the surface, such as
pipe fish and capelin, would be most susceptible;
those found at intermediate depths, such as shiner
perch, would be less susceptible; and those inhabit-
ing the water column near the bottom, such as
flounder and seulpin, would be least susceptible.

13) In general, an organism is more susceptible
to oil at the larval stage than at the juvenile stage;
and the juvenile stage is more vulnerable than the
adult stage. There is always an exception to the rule.
It is found that the least suseeptible stage for brown
shrimp is the post-larval period of life.

14) Chronic and acute exposures to oil in labora-
tory tests have not resulted in any growth inhibition
in brown shrimp or oysters.

15) The health of a marine community in the
immediate vicinity of a natural oil seep was compa-
rable to the health of a similar (control) community
far removed from seepage areas.

These, then, are some of the facts that are surfac-
ing from studies of the impact of oil on the marine
environment. Many more questions and myths re-
main to be clarified. They will require thorough
and dispassionate studies. Suech work is ongoing,
not only by the oil industry and the federal govern-
ment, but by state and private laboratories through-
out-the world.

OFFSHORE OIL SPILLS STUDIES

The widely circulated charges of massive and per-
manent damage to nearshore and estuarine life re-
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sulting - from petroleum exploration, drilling, and
production operations offshore have, to a large
extent, been generated out of fear of the unknown,
and nurtured by non-factual information from a
host of instant experts on the effects of spilled oil.
This was made particularly clear at the time of the
Santa Barbara spill. And, unfortunately, the dis-
proved charges are still repeated from time to time
in the media. :

The facts concerning the damage from that spill
are readily available, the results of two independent
scientific studies of the area. The first, by the Allan
Hancock Foundation of the University of Southern
California, noted that, while there was some loss of
life among certain species of the Channel’s flora and
fauna attributable to the spill, other factors present
in the area at the time of the spill contributed sig-
nificantly to the mortality rate. Among these con-
tributing factors were:

¢ For centuries, crude oil has been entering the
Santa Barbara Channel from natural seeps (natural
seeps off Coal 01l Point, for example, exude from 11
to 160 barrels of erude oil daily into the sea);

e In winter (as when this particular spill oc-
curred) marine life in the channel is at a low ebb—
a seasonal factor unrelated to pollution; and

s The worst floods in 40 years had taken place
just prior to the spill, placing sealife under extraor-
dinary stress from freshwater runoff, storm debris,
sewage, sediment, and pesticides.

The Allan Hancock Foundation study, based on
on-site observations and comparisons to pre-spill
data, found that, of the 18,000 birds in the channel
at the time of the January 1969 spill, 3,500 to 4,000
birds died from all causes. By May, seasonal migra-
tion had brought the bird population up to 85,000.
Only isolated traces of oil remained buried on the
beaches a year after the spill. Damage to the biota
was not widespread, but was limited to several
species; and the area has recovered well. The channel
fish catch was actually found to have increased in
a 6-month period following the oil spill, compared
to the year-earlier period. Despite the claims of
some people at the time of the spill, the incident
had no apparent effect on whales and seals.

Commenting on the Santa Barbara spill, a scien-
tist at the California Institute of Technology (which
was not a party to the 40-man investigation by the
Allan Hancock Foundation) concluded, “There is
one unavoidable fact—all animals are reproducing
now in the Santa Barbara area.”

While marine operations have been undertaken
over a longer period of time in the California offshore
area, operations in the Gulf of Mexico have been
significantly greater, both in exploration and pro-

duction. More than 16,000 oil and gas wells have
been drilled in Gulf of Mexico waters ... without
damage to the fish population.

The commercial fish catch in the gulf increased
from 571 million pounds in 1950 to 1.5 billion
pounds in 1973, according to the U.S. Department
of Commeree’s National Marine Fisheries Service,
while the value of the commercial fish catch rose
from $50.4 million to $268 million—an increase of
432 percent. During the same period, the percentage
of the total commercial fish catch in the U.S. taken
from the Gulf of Mexico rose from 12 to 33 percent.
Most of this increase is attributable to improved
fishing techniques and the taking of menhaden (a
formerly non-commercial fish). However, the in-
crease does indicate that petroleum operations in
the area have not decreased the commercial fish
population.

Sport fishing has actually improved in the area
of the oil platforms. The platforms provide a founda-
tion for the growth of sea plants and invertebrates,
thereby creating the first step in the food chain.
About a dozen or more species of fish virtually
unknown in the area prior to drilling operations
have been recorded near the rigs. Many of these
fish are believed to have been brought to the instal-
lations by ocean currents as eggs or fry, and remained
to mature under the favorable food and cover condi-
tions created by the platforms.

Shrimp landings from the Gulf of Mexico, in 1973,
accounted for almost one-half of the total U.S.
shrimp catch (182.1 million pounds out of the 372.2
million pound total), and for 79 percent of the total
value of the U.S. shrimp cateh. And the National
Marine Fisheries Service reported marked produc-
tion increases in hard blue crabs taken from the
gulf in 1973.

. In reference to the effects of oil spills from marine
platforms in the gulf, Dr. John G. Mackin, professor
emeritus of biology, Texas A & M University, has
concluded that they have had little harmful effect
on the area’s marine life. Dr. Mackin has studied
the inshore and nearshore Gulf of Mexico ecology
and marine communities extensively since 1947. His
view is supported by Dr. Lyle St. Amant, assistant
director, Louisiana Wildlife and Fisheries Commis-
sion, who stated recently—in connection with marine
operations in Louisiana gulf waters: “We cannot
detect any harmful effects on fish.”

In-depth studies of the effect of petroleum off-
shore operations, over an extended period of time,
can and do provide vital information on-changes
in the marine community. Too often, however, other
information is presented which lacks the necessary
foundation for accurate conclusions. Baseline stud-
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ies, which fail to extend through a continuum of
seasons and fail to cover a number of cycles, fre-
quently result in questionable data. For example,
a baseline study provides a reference point for a
particular area at a particular time. A second base-
line study taken later—without the benefit of a
continuous history of environmental events—would
provide a similar reference point for its area and
point of time. The interstitial, unrecorded events,
however, could so distort the differences as to make
comparisons of little value. :

A temporary gyre moving through the water
column—or a number of other ephemeral events—
could significantly alter the benthic marine com-
munity, perhaps leaving a permanent change in the
biota of the area. If unrecorded for want of the
baseline continuum, the conclusions drawn from
the change in the benthlc community might easily—
and erroneously—be assigned to other causes, for
example, a later recorded oil spill, invalidating the
results of the more recent baseline study

PREVENTION AND CONTROL
OF OlL SPILLS

- The petroleum industry has expended -8 great
deal of effort, time, and money on oil spill prevention
through employee training courses and sound main-
tenance programs. Even with these continuing  ef-
forts, some risks remain.- Accordingly, the industry
has also taken the initiative in developmg the means
to minimize spills that do occur.

The harbor cooperatlve has been one of the results
of industry efforts to increase response capability.
The form of these cooperatives varies with the needs
and location; the object, however, is to pool the
funds and/or equipment of companies in a given
grea, thus significantly increasing -their response
capability. In some cases, these cooperatives include
municipal fire departments, and other local govern-
mental agencles

There are in existence, or in the' planmng stage,
some 100 harbor cooperatives in the United States.
They are located not only on the gulf, east and west
coasts, but also on inland lakes and rivers. These
include several basic forms of cooperatives: industry-
wide {(oil compames in the area) communitywide
( oil companies, other compames government agen-
cies, and public organizations in an area) ; and sub-
scnptlon {an experienced local contractor supplylng
cleanup equipment, materials and key manpower).

For example, one such cooperative—funded by
the oil companies searching for energy resources
in the Gulf of Mexico—employs a contractor to

store and maintain both shallow-water and open-sea
equipment in a state of 24-hour readiness.

Included are helicopters, skimmers, booms, com-
munications systems, bird rescue and cleaning ma-
terials, and sorbent generating equipment. All can
be easily transported by air, land, or water. Fast
response equipment is also stored at several strategic
locations, enabling on-the-scene activities to begin
at a spill as far as 100 miles distant, within 12 hours.

O1il spill cleanup cooperatives have demonstrated
their ability to respond promptly and effectively in
sheltered waters or in open seas under relatively
calm conditions. However, technology for handling
spills under heavy sea conditions needs to be further
developed. The petroleum industry is committed to
expanding its cleanup skills to meet needs wherever
they arise, and is continuing its efforts to ad-
vance the state of the art through research and
experimentation.

Among the projects under s’cudy or in develop-
mental process are these: establishing and updating
compendiums- cataloging information on available
sorbents, surfactants, combustion promoters, sink-
ing agents, and biological agents; developing and
testing an open-sea oil skimmer ; researching methods
for protecting shorelines and beaches e‘xposed to oil
from spills, using petroleum—consumlng microorga-
nisms and polvmenc films; and improving training of
personnel in the use of techmques and equipment
for oil splll cleanup.

Work is also continuing to improve avian protec-
tion techniques. Expenments are under way on
methods to fnghten sea birds away from spill areas,
using distress cries and other sonic techmques And
substantial progress has been made in the area of
1mproved rescue and treatment of oiled waterfowl.

The industry feels that the best way to handle oil
gpills is to prevent their occurrence. To this end, a
sophisticated array of hardware and practices has
been developed. An indication of the extent of spill
prevention techniques and equipment can be found
in the following description, although the material
mentioned is by no means all-inclusive.

At the well, where prevention begins, automatic
shutdown devices are installed as part of the offshore
drilling and production program. These devices de-
tect increases and drops in pressure, changes in flow
rates, -and other production factors. Subsurface
valves, for example, close down the flow of oil in
event of dn aceident, malfunction, or other incident at
the surface. Master switches are installed which can
stop the entire production system, should an emer-
geney thredten life, property, or the environment.

Fire detection devices can trigger the emergency
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shutdown system. For day-to-day operations, drain-
age and containment systems co’lle_ct any spillage or
waste oil. Other safety devices in common use on
marine platforms mclude navigational alds to’ warn
vessels.

" The platforms, themselves, are designed to with-
stand storms equivalent in intensity to that of the
worst storm recorded during a 25- or 100-year period,
depending on location. When storms of suffiéient
intensity to affect drilling occur, all operations cease,
and the drilling platform is secured. If the storm is
expected to be especially severe, personnel are re-
‘moved from the platform.

Other measures are taken during daily operations
to prevent, pollution from petroleum activities. These
include the onboard processing of water from wells
to remove oils, or the transportatlon of these hqulds
to shore for separation processmg

When an oil reservoir is depleted, the wells are
plugged with cement to protect underground strata,
and to prevent any leakage to the surface. Equip-
ment is removed, and underwater piping is cut off
below or at the seaﬂoor to eliminate any hazard to
commnercial fishing.

Pipelines play a major role i in transporting oil and
gas produced offshore to onshore facilities. There is
little reason to anticipate increased pollution from
this source, because plpehnes are constructed to
safety standards set forth in strict industry codes
and, in the United States, in government regulations.
These standards include specifications for design,
construction, operation, and maintenance. They
make provision for automatic safety alarm systems,
shutdown devices, and regular inspections along the
lines to check for possible leakage, ‘damaged piping
or construction; and, inland, for any watercourse
‘changes that might affect pipe security. The record
in oil pipelining has shown it to be the safest and
most secure mode of transportmg oil.

'ONSHORE IMPACTS

-A concern closely related to the need for an accept—
able environment is the question . of onshore de-
velopment resulting from .offshore production of
petroleum. The social, environmental, and.economic
impacts of existing offshore and nearshore produe-
tion in the Gulf of Mexico and the Santa Barbara
-area, unfortunately, cannot be used as an aceurate
gauge of impacts that might be anticipated in the
areas adjacent to potential frontier Outer Conti-
nental Shelf areas, such as the Atlantic coast. In
the Gulf of Mex1co, for example, onshore petroleum
production development started a number of years

‘before any attempt was made to develop the offshore

potential. The first year of recorded petroleum pro-
duction in the State of Louisiana was 1902, and for
Texas, 1889. While drilling in the estuarine areas of
Louisiana began in the 1930’s, offshore exploration
and development began in the late 1940’s, with
51gn1ﬁeant activities continuing since that time.

However, several sound projections can be made
concerning the 1mpact of petroleum operatlons along
the east coast. First, advancements in the state of
the art of petroleum offshore operations will mini-
mize any environmental risks that might be associ-
ated with such activities. Additionally, there are in
effect today in the United States stringent environ-
mental laws, regulations, and controls that will
prevent the construction of environmentally un-
acceptable support facilities.

Second, the social and economic aspects of Atlantic
coast offShore and onshore support operations will
be minimized by the nature of the areas nearest the
most likely exploration and production activities.
Unlike the gulf coast region during the early years
of petroleum operations there, industrial complexes
already exist along the east coast, for example, the
Newport News-Norfolk, Philadelphia-Baltimore,
and Greater Metropolitan New York areas. This
industry is well-suited to provide many of the
requirements anticipated in implementing any At-
lantic offshore programs.

Loeal helicopter services, Water transport, ship-
yards, and other businesses would logically be called
upon to provide much of the materials and support
needed offshore. And, certainly, the impact on local
payrolls, work orders, and employment opportunities
would be beneficial. At the same time, roads, schools,
and public services are presently in place, signifi-
cantly lessening any negative impact on government
finances from offshore exploratory and development
operatmns

COASTAL ZONE
MANAGEMENT PLANNING

It takes from three to 10 years to bring a new oil
or gas field into full production, once petroletum is
discovered, if the search turns up commercially
significant quantltles of petroleum. Add to this time
the years required to develop leasing -schedules,
hold environmental impact hearings and draw up
impact statements, hold lease sales and conduct
exploration activities, and the time before significant
impact could occur is placed into proper perspective.

That time could—and should—be used to develop
the coastal zone management plans that would en-
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able orderly and environmentally acceptable sup-
port facilities to be built. And that time would also
allow for the programming of any governmental
services that might be required over the productive

life of the reservoirs. Thus, environmental, social,

and economic impaets could be anticipated and
intelligently accommodated within a logical time
frame.

SUMMARY

There is a critical need to develop energy resources
in the United States, resources that will protect the
political, social, economie, environmental, and mili-
tary security of the nation. Péfroleum—crude oil
and natural gas—will be called upon to provide the
lion’s share of that energy security until alternate
energy sources can be developed.

This nation and its people cannot afford the luxury

of waiting until our known supplies are exhausted,
in the blind faith that new sources will be provided.
Rather, we must pursue—in an orderly and expedi-
tious manner—the development of our petroleum
potential. The technology exists for such develop-
ment. And those potential sources of oil and gas
can be located and produced with minimal impact
on the environment.

While studies continue to evolve even safer meth-
ods of petroleum production, and while new energy
sources are being researched and developed, we must
proceed in the search for secure domestic petroleum
reserves. That means opening up new areas to
development—both offshore and in the more remote
areas, such as onshore Alaska—on a timely basis
designed to accommodate the petroleum industry’s
capability to safely explore and develop leased areas.

"There is no other viable alternative to such develop-

ment, if we are to reduce dependence on imported
crude oil and refined products.
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ABSTRACT

This paper gives a brief review of different t;
disperse pollutants, and to what extent the
analytical, numerical, and hydraulic models.

INTRODUCTION

One important feature of estuaries is their ability
to assimilate wastes and transport them to the ocean.
It is possible, by adequate mixing with the receiving
water, to discharge a larger quantity of waste into
an estuary than into the rivers that feed it, while
still meeting a given receiving water standard, be-
cause in addition to the inflow of river water the
estuary contains a continuous circulation of water
from the ocean to help with dilution. Pollution in
an estuary, or more precisely the concentrations of
undesirable materials, depends on two things: the
quantity and makeup of the waste discharges, and
the rate of flushing. In general, the flushing rate
increases towards the ocean end. At the landward
end the only flow available for flushing is that of
upland rivers, but the closer one approaches the
ocean the more recirculated ocean water is available
to increase the flushing rate and decrease the con-
centration of wastes. Temperature, also, is affected
by the flushing rate; except, close to the source
discharges of warm or cold water are diluted in the
same way as other wastes.

This paper discusses how flushing rates can be
quantified, predicted, and used as part of the process
of specifying allowable waste loadings. First, in
section I, we discuss the various mechanisms which,
in concert, drive the circulation of ocean water.
Section IIT describes a practical analysis for com-
puting flushing rates, while section IV describes
procedures that can be used in a more predictive
way, but are still in a state of research and develop-
ment. Section V discusses both practical needs rele-
vant to current legislation and longer-term research
needs.

es of circulation in estuaries, how they act to
ispersion process can be modeled by existing

TYPES OF CIRCULATION

The flushing of estuaries results from three influ-
ences: the ebb and flood of the tide, the wind stress,
and the higher density of ocean water relative to
river water. Some estuaries are influenced equally
by the three factors, some by only one or two.
Which factors are important controls how the estu-
ary flushes its pollutants, and, perhaps more impor-
tantly, determines the effect of such projects as
dredging, harbor extension, and the like. This section
describes five types of circulation. The first, gravita-
tional circulation, results from the relative heaviness
of ocean water; the second, third, and fourth are
three different mechanisms caused by the tide; and
the fifth is cireulations driven by wind.

Gravitational Circulation

Gravitational circulation is so called because it
results from gravity pushing heavier ocean water
landwards up the bottom of the estuary. Figure 1
is a simplified profile sketch of a purely gravitational
circulation; in three dimensions the eirculation is
landward along the bottom of the deeper channels,
upward and transversely across the cross section,
and returning seaward mixed with freshwater in
the surface layers. This type of circulation has re-
ceived a great deal of analytical, laboratory, and
field study; Fiseher (1976) discusses the results of
approximately 20 previous reports.

Where there is little tide, as in the Gulf of Mexico,
there may be little mixing between the ocean and
freshwater; the ocean intrudes as a wedge and the
freshwater rides over the ocean water. This situation
occurs frequently at the mouth of the Mississippi.
Similarly, in the Alaskan fjords the freshwater

477
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Fieure 1.—A typical pattern of gra,vitationaﬁ cireulation in
a partially stratified east coast estuary.

overrides the salt and reaches the ocean almost
without dilution (see Figure 2). In these cases the
dispersal of a pollutant depends crucially on whether
it goes into the upper; freshwater, or the lower,
saline water. In fjords, the flushing time of the salt
water may be on the order of years, while the fresh
layer may traverse the fjord in a few days or at
most weeks. It is particularly important that design
procedures be used to make sure that pollutants are
not trapped in the slowly circulating lower level.

Conversely, along the east coast most estuaries
are either partially or well mixed; the difference in
salinity between upper and lower layers in Chesa-
peake Bay, for instance, is usually on order of 15
percent of the difference between ocean and fresh
water. In these estuaries it does not matter so much
where the waste is discharged as turbulent mixing
will distribute the waste over the cross section.

Tidal Pumping

“Pumping” is a term used to describe circulations
induced by the ebb and flood of the tide. The tide
usually flows in more strongly in some channels
and out more strongly in others as though a pump
were pushing the water around. Sometimes sailors
of small boats know more about these currents than
do engineers, but they are very important in flush-
ing pollutants. Pumped currents can be simulated
by numerical programs; for instance Figure 3, taken
from a report by the California Department of
Water Resources (Nelson and Lerseth, 1972), shows
a computed pumped circulation in San Francisco
Bay. Note, for instance, the circulatory eurrent in
San Pablo Bay (between Vallejo and San Rafael)
having a predicted magnitude of approximately

10,000 efs. This is about five stimes the combined.

inflow of the Sacramento and San Joaquin Rivers.

Chopping

“Chopping” is a term sometimes used to describe
the detention of a pollutant by side embayments,
shoals, and the like. This mechanism is also very
important in the spread of pollutants, because of
the typical sequence of events shown in Figure 4.

Stagnant Saline Water

Figure 2.—OQutflow of a layer of fresh river water over
stagnant saline water; this flow pattern is typical of fjords.

In 42 a cloud of pollutant is'being carried landward
by a flooding tide. In 4b part of the cloud is detained
in a side embayment, which is being filled by the
flood. In 4¢ the water surface has begun to drop
and the embayment is emptying baek into the chan-
nel. Because of the hydrodynamics of tidal flows
the current in the ehannel does not slack until after
high or low tide, with the result that shoreline
irregularities spread out a cloud of pollutant some-

" what as shown in the figure. .

The Shear Effect

The shear effect is an additional spreading mecha-
nism which takes place in any flow, tidal or not. It
results from the faster flow velocities found at the
center and surface of the cross section, as compared
to the slower velocities near the bottom and shores.
Turbulent mixing spreads a  pollutant across the
eross section, and then-the difference in longitudinal
velocities spreads the pollutant up and down the
channel. In rivers this mechanism. is primarily re-
sponsible for longitudinal -dispersion, but in estuaries
the other mechamsms usually seem to be more
1mp0rtant T

Wind-driven Circulation

The visible effeets of wind are white caps and
violent turbulence where waves break near shore.
Impressive ds they may be, they usually have little
to do with pollutant dispersal, being limited in scale
and unable to accomplish long distance transport.
Wind does play an important role in some estuaries,
however, because it can drive large scale horizontal

circulation. In a large open bay a constant wind

will push water in the wind direction across shallows

- and. at the surface, while a return flow will be found

underneath in the deeper section. Figure 5 shows

" such a circulation around an island in a bay which

is-deeper on one side of the island than on the other;
the circulation goes with the wind on the shallow
side, and against it on the deeper side. This sort of
circulation has the same effect as tidal pumping; it
is as though a large pumg is pushing the Water
around and dispersing the pollutant.
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Ficurp 4.—An example of the “chopping” mechanism for
dispersing a pollutant. The side embayment acts as a storing
basin which fills and empties out of phase with the flow in the
main channel. A portion of the eloud of pollutant is detained
by the embayment and subsequently reinserted into’ the
- channel some distance from the rest of the cloud.

- WIND = INDUCED
CIRCULATION

Freure 5.—An example of a cireulation driven by a steady
wind, The effect is similar to that of tidal “pumpmg,“ although
the cause is different. .

_ Each of the mechanisms described above. exists
to some extent in almost every estuary. In concert,
the circulations result in a “flushing discharge”
which can be used to compute pollutant concentra-
tions. Each mechanism can be analyzed, but with
varying degrees of accuracy and by different means.
In section IV we discuss several analytical tech-
niques and mention which is suitable for analyzmg

. which mechanisrh.

EFFECTS OF CIRCULATION
ON DISPERSAL -

The ‘combined ‘effect of the various circulations

is to greatly increase the assimilative capacity of an

estuary by providing an effective flow much greater
than the flow of the rivers which feed the estuary.
This effective flow is the flow relevant to pollutant
concentration computations; and is the flow that
should be used for regulatory purposes. In the saline
portions of existent estuaries one can compute the

effective flushing discharge by a simple procedure.

All one does is to measure the average salinity near
an outfall; then, to a good approximation, the effec-

‘tive discharge is computed by the formula

_» Qd =.Qy [SDS»;_O;S] . (-vly)

where S, is the ocean salinity, S the salinity near
the outfall, and Q; is the inflow from upstream
rivers. The concentration of a pollutant discharged
in the vicinity of the outfall, is given by a mass-
balance computation using the effective discharge.

c=cfo@l . ®

Co and Q are_the concentration and.flow from the
outfall, and Qg is the result obtained from equation
(1) at the location of the outfall.:

Concentrations upstream and downstream of the
discharge point decrease from the peak near the
discharge. A complete description of the analysis,
for a non-conservative pollutant, was given more
than 20 years ago by Stommel (1953). One impor-
tant result is that moving an outfall nearer to the

" ocean does not decrease the concentrations of con-

servative pollutants in, the estuary seaward of the
outfall; it does, however, decrease the peak concen-
tration and the concentratlons landward of the
outfall.

Stommel’s analysis does have some serious limita-~
tions. First, it can only be used with an existing
salinity distribution. It is of no use at all to predict
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“¢hanges in concentrations because of construction
"projéets. Second, the analysis assumes steady state;
‘the pollutant must be discharged at a constant rate,
~ and’ the inflow from upstream rivers must be con-
‘stant. Neither of these conditions is often seen in
‘practice. Third, the analysis assumes complete and
instantaneous nlixing of the pollutant across the
cross section, and a uniform salinity across the cross
section. In practice, mixing within a cross section
may take considerable time; for instance, a recent
dye experiment in a section of the Delaware Estu-
ary, where the estuary is about 1 mile wide, showed
that the cross sectional mixing time was approxi-
mately 10 days (see Fischer, 1974). If mixing is not
complete equation 2 gives a coneentration that can
be much too low; higher concentrations Wlll be found
in the vieinity of the outfall.

Coneentrations near outfalls,” and cross-sectional
mixing times, may be predieted in several ways.
Immediate diffusion of an effluent from a pipe may
usually be analyzed as a problem of mixing of a
buoyant jet. This subject has been studied. in.con-
siderable detail, as described in a recent review
paper by Koh and Brooks (1975). In the zone close
to the outfall where mixing is controlled by the
method of discharge, it is a straightforward matter
to predict the dilution within the jet. This zone is
usually small, however, and there is a substantial
mid-field zone in which the concentration disperses
as a plume, and mixing is primarily due to the turbu-
lence in the receiving water. Figure 6 shows a sketch
of a plume diffusing in an estuary. The vertical and
horizontal ‘extents of the plume and the time Te-
quired for approximately complete mixing can be
predicted at least within an order of magnitude in
most cases, but if more exact results are needed
"prototype dye dilution studies are usually required.

STATUS OF PREDICTIVE CAPABILITY
Analytical Models

The use of analytical models is generally limited
to estuaries which are long and narrow and can be
considered to be one-dimensional. A basic assump-
‘tion of most analytical models is complete mixing
across the cross section, as in the empirical analysis
described in the previous section. The use of ana-
Iytical models is limited partly by their one-dimen-
sionality, and partly by the need to assume some
value of a longitudinal dispersion coefficient, whose
magnitude is difficult to predict. Analytical models
are sometimes useful; for instanece, O’Connor (1965)
gives analytical solutlons for distribution of dissolved
oxygen and biochemical oxygen demand in several

.

—_—
Tidal Flow

Taitinl Jor Seem
Fome g T Zone of Cross- sectional
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Figure 6.—A sketch of the zones of mixing from an outfall
in an estuary. The direction of the drift changes with the
changing tide, but during the tidal flow the pattern is as
shown. At slack tide there is a bulld-up of eoncentration near
the outfall. ,

“estuaries. Recently, attempts have been made to

relate the longitudinal dispersion coefficient to the
salinity gradient in order to predict salinity intrusion
analytically (Thatcher and Harleman, 1972, and
Fisher, Ditmars, and Ippen, 1972). These efforts
remain in the research stage, however, and in general
it can be said that analytical models are not a de-
pendable predictive tool unless based on empirical
observations of salinity distribution.

Numerical Models

The past 10 years have seen considerable effort
and progress in the development of numerical models
for marine pollution. Numerical models usually con-

~ sist of two parts; first, a model of the tidal hydro-

dynamics, and secondly, a model of the transport
and reaction of pollutants carried by the tides. At
the present time virtually all operative numerical
models are two-dimensional. That is, the velocities
and transports are considered to be only in hori-
zontal directions along and across the estuary. The
hydrodynamic portion of the model predicts the
vertically averaged -velocity vector at various grid
points within the estuary, and then the transport
portion of the model simulates the motion of pollut-
ants which are carried by the computed velocities.
Some numerical models use a fixed rectangular
grid, while others use link and node arrangements
or variable grid spacings so that the grid spacing
can be adjusted to fit the requirements of different
parts of the estuary.

Numerical models are in current use to study pol-
lution problems in a number of estuaries. The state
of the art can be shown by three recent examples.
Figure 7 is from a report of a study of pollution in
Boston Harbor by the firm of Hydroscience, Inc.,
completed in July 1973. The study used the hydro-
dynamic model developed by Leendertse (1967) to
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predict tidal velocities throughout the harbor. Pol-
lutant distributions were computed for a number of
hypothetical releases of unit waste loads; the figure
shows the distribution 12 hours after a unit release
at the mouth of the Neponset River. The results of
the modeling study were used to predict concentra-
tions of pollutants resulting from alternative water
quality management schemes. :

The second example is from a study of the disper-
sion capability of San Francisco Bay-Delta waters
by the California Departinent of Water Resources.
Figure 8 shows the computed distribution of pollut-
ant discharge. The methodology of this study was
somewhat different from that of Boston Harbor
because of the much greater size of the bay. The
north bay was modeled by a series of one-dimensional
segments, and the south bay by a two-dimensional
arrangement of segments. The scheme was prob-
ably not as accurate as the Boston Harbor scheme,
but the seheme used for Boston Harbor requires
much more computer storage and running time and
to date has not been used in an estuary approaching
the size of San Francisco Bay.

The third example is from a study of the dispersion
of wastes from a proposed industrial outfall in the
Delaware River. Figure 9 taken from a paper by
Fischer (1974), shows predicted and ohserved dis-
tributions of dye in the river 10 days after the
beginning of a continuous release. In this case most
of the spreading was due to transverse mixing and
the shear effect; the numerical model used, as de-
seribed in the report, was specifically designed to
model these effects.

Since numerical models are being used so widely,
it is important to recognize that they will have
limitations. The models seem to do a good job of
computing the effects of tidal pumping and chop-
ping. Wind-driven circulations can be predicted,
although our knowledge of the wind stress coeffidient
is limited. Most numerical models do not model-the
shear effect very well, partly because the true mag-
nitude of the transverse mixing coefficient is not
well known, and partly because the numerical proc-
esses tend to obscure the rate of diffusion in the
model. The greatest limitation of numerical models,
however, is their inability to account for stratifica-
tion or gravitational circulation. At the present
time, numerical models of the effects of stratifica-
tion are strongly empirical. In some cases two-
dimensional models which consider only a vertical
plane have been used, with some sucecess, but in
many estuaries, gravitational circulation and strati-
fication have important three-dimensional compo-
nents and no model is adequate. Finally, it should
be stressed that the transport portion of most

N

L]
tMILE
BOSTON HARBOR
?zm DISCHARGE OF 2.3x10/Eoll/hr

CHARLES
RIVER

NEL

ALL Nos/I0Om
& DISCHARGE LOCATION

WEYMQUTH
+  FORE RIVER

Figure 7.—A prédicted distribution of pollutant concentra-
tion in Boston Harbor resulting from a two-hour discharge
at the mouth of the Neponset River. This figure is from a
report of a study by Hydroscience, Ine., to the Massadhusetts
Water Resources Commission.

numerical models ha§ received very little field veri-
fication. For instande, the distribution shown in
Figure 7 has not been verified in the bay itself.
Even the hydrodynamic models lack extensive field
verification, and their results must be viewed with
caution.

Hydraulic Models -k

Hydraulic models have been in use for many

years to study such problems as sediment transport,

velocity distributions, and the effects of projects
such as construction of barriers and harbors. Re-
cently, hydraulic models have also been used for

pollution studies. For instance, the San Francisco

Bay-Delta model is being used to study the effects
of the peripheral canal and a proposed ship canal

- on intrusion of salinity into the Delta. Hydraulic

models have also been used to study the distribution
of an effluent from an outfall, by arranging an injec-
tion of a tracer into the physical model. Where a
model has already been built for other purposes,
use for a pollution study is relatively inexpensive.

Hydraulic models, like numerical models, are
capable of representing the effects of tidal pumping
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Freurs 9.—Computed and observed distributicns of dye
released from the site of a proposed industrial outfall in the
Delaware estuary. The dye simulates the spreading of the
proposed waste discharge, and the dye resulis can be used to
compute expected concentrations of pollutants.

and chopping, because they are adjusted to produce
the proper currents. Hydraulic models also repre-
sent the effects of stratification, although perhaps
not exactly. Where three-dimensional circulations
and stratification are important a hydraulic model
is probably as accurate a tool as any for predicting
effects of circulation, even though there is dispute
over the accuracy of the results. Figure 10 shows
one comparison of dispersion of dye in an estuary
vs. dispersion of a similar release in a modél. Un-
fortunately, not many such comparisons exist be-
cause of the very large amount of dye required
in the prototype and the difficulty of making field
measurements.

Hydraulic models do have one serious limitation.
In order to conserve space and maintain turbulent
flow it is necessary that the model be distorted, so
that the depth is relatively much greater than the
width. This means that near source distributions
are distorted, and that the turbulent mixing proe-
esses are not properly represented. Thus, hydraulic
models sometimes will not properly represent the

OAKLARD BAY
QOLDEN . - BRIDBE
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BRIDGE
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~———— DWR DYE STUDY
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.

Figure 10.—A comparison of the spread of dye in a physical
model of San Francisco Bay and in the bay itself. The dye’
was released north of the San Mateo Bridge near the west
shore. The dashed lines are concentrations observed in the
U.8. Army Corps of Engineers model; the solid lines-are con-
centrations observed by the: State .of California Division of
Water Resources in the bay (corrected for dye loss). Both
distributions are five tidal cycles after beginning of release
of the dye. ) ' '

near field or medium field concentrations from an
outfall, even though the far-field distribution may
be reasonably correet. Hydraulic models are perhaps
best used in a qualitative sense; various different
arrangements of outfall locations or various different
designs for construction projects can be tried in the
model, and the results compared. Even though the
results may not be quantitatively exact, compara-~
tive results will usually determine which design will
produce the least degree of pollution.

SUMMARY AND RECOMMENDATIONS

Estuaries can assimilate more waste with less
effect on the environment than can the rivers which
feed them; because of the flushing current from the
ocean. There is a simple procedure for estimating
the flushing current, based on measurement of salin-
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ity in the estuary. In many cases this procedure
can be used with reasonable accuracy to predict the
concentrations of wastes resulting from an industrial
or municipal discharge. . :

In several types of cases this simple procedure
does not work: in estuaries of nearly constant salin-
ity or very wide estuaries’ and bays; in fjords or
strongly stratified estuaries; or where the shape of
the estuary is to be changed by major construction.
In these cases some form of hydraulic or numerical
modeling is needed to predict the effects of waste
discharges. Modeling, however, requires an under-
standing of the type of circulation to be expected in
the estuary and an understanding of the limitations
of the types of models available. Modeling is not an
art for the semi-skilled ; there is no one model suitable
for use in all estuaries, and at present a relatively
small number of individuals have the training and
experience required to do useful modeling studies.

These considerations lead to the following recom-
mendations: '

1. Tt should be understood that modeling is an art
for extremely qualified experts and that sophisticated
numerical models are not a necessary part of every
water quality plan. Models should be used only
where they are really needed, and then only by
persons with extensive familiarity with the model
and its limitations. Use of the wrong model can be
worse than use of no model at all. ‘,

2. There should be & national listing and classifica-
tion of estuaries to determine in ‘which portions of
which estuaries the simple procedure for estimating
flushing currents is suitable, and in which it is not.
Such a listing would be of great use to EPA in
setting standards and proposing rules, as the Agency
could -then specify the use of the simple method
where allowed by the listing, .and.require other
methods where the simplé method is not allowed.

3. Continued research, development, and training

inthe use of models is essential. This researeh should
include more complete -verification' of the acecuracy -

of present models, further development of numerical

¢

models, and further investigations of the limitations
of numerical and hydraulic models. As part of the
research there should be a vigorous program of spe-
cific field testing of present and proposed models.
This research will have the benefits of producing
more generally applicable and dependable models
plus the desirable byproduct of increasing the pool
of persons qualified to use the models.
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THE CRUCIAL ROLE OF SYSTEMATICS
IN ASSESSING POLLUTION EFFECTS

ON THE BIOLOGICAL
UTILIZATION OF ESTUARIES
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ABSTRACT

The data of systematics form the essential foundation for pollutional biology. Living targets
of pollution must be identified precisely; imprecision nullifies results and renders them non-
replicable. Most estuarine and coastal marine plant and animal groups are poorly known sys-
tematically. Major bottlenecks in the application of systematics to the problems of environ-
mental pollution result from the ecritical shortage of experienced systematic specialists and tech-
nicians, as well as lack of inventories of specialists, identification publications, and identification
services. Although water quality legislation implies the need for identification of organisms
involved in analyses of the biological impacts of pollutants, there has been no conspicuous financial
support for systematic work, Because basic ans applied environmental research and its applica-~
tion to the practical problems of pollution have grown far more rapidly than the supporting
base of systematic biology, it is imperative that existing human and material systematic re-
sources be conserved, and their further development be encouraged. Specific recommendations
are offered to maximize the service role of biological systematics in the identification and assess-
ment of the effects of pollution on the biological utilization of estuaries and coastal waters in

the United States.

INTRODUCTION

In the course of perhaps four billion years the
surface of the earth has become populated by an
estimated 10 million kinds of recent organisms,
ordered in self-sustaining, self-regulating, ecological
systems. About one million species of animals and
a half million species of plants have been described,
and an estimated additional half billion species are
extinct in fossil strata (Mayr, 1969). Evolution tends
to sustain these living systems, accumulating com-
plex arrays of organisms that stabilize the environ-
ment, and conserve and reuse resources to support
the maximum amount of life; whereas disturbance
causes a systematic alteration of biotic structure
(Woodwell, 1969, 1974). Estuaries, biologically
complex, delicately balanced, coastal transitional
zones where seawater is measurably diluted by land
drainage are integral parts of the biosphere. If not
perturbed, they likewise tend to be stable, self-
sustaining, self-regulating, biologically productive
systems (Carriker, 1967).

But human tenants on the shores of estuarine
ecotones, through heedless technological activities
and massive discharge of deleterious residues, con-
tinue severely to disturb these coastal zones (Ket-
chum, 1972). The consequences are eradication of
habitats; reduction, alteration, and extinction of

species; and impairment or destruction of the quali-
ties fundamental to the health of the biosphere and
the welfare of humans. The critical role of a wide
diversity of organisms in promoting the health of
the estuary is indisputably clear. We reaffirm with
Woodwell (1974) that humanity lives as one species
within a biosphere whose essential qualities are
determined by other species and that we must give
careful thought to these relationships. There is
urgent need, accordingly, to examine in some depth
the functions of systematics in the identification
and assessment of the effects of pollution on the
biological utilization of estuaries. This will be done
in this paper.

What is Systematics?

Systematics may be defined as the scientific study
of the kinds and diversity of organisms and of the
relationships among them (Simpson, 1961). Al-
though the term taxonomy is often used for the
theory and practice of identifying and classifying
organisms, systematics and taxonomy are often
loosely treated as synonymous (Davis and Heywood,
1965) ; this will be the practice in this paper.

Systematic biology provides scientific names for
organisms, describes them, preserves collections of
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them, prov1des classifications for them keys for
their 1dent1ﬁcat10n and data on their dlstrlbutlons
it investigates thelr evolutionary histories, and con-
siders their environmental adaptations (Michener,
1970). Systematists now study organisms in all
stages of their life cyecles, disclosing unexpected
‘structural details by the use of secanning electron
microscopy, analyzing behavioral patterns and
chromosomal configurations, and comparing the
sequences of amino acids in protein and nucleic
acid molecules.

Systematic biology is perhaps the oldest of the
sciences, and is closely allied :and complementary to
ecology. Systematics' is one .of the fundamental
perspectives in biology, integrating such disciplines
-as ecology and behavior with functional morphology,
comparative physmloory, biochemistry, genetlcs, and
evolution. . : .

Wiy ldentification?

The data of systematics form the essential founda-
tion of all other biological disciplines, especially of
such interactive sciences as marine biology, biologi-
¢al oceanography, estuarine ecology, and pollutional
biology. Wilson (1971) rightly points out that most
of the central problems of ecology ean be solved only
by reference to details of organic diversity, and that
even the most cursory ecosystemic analyses have to
bé based on a sound systématic treatment of the
organisms con51dered Pollutlonal ecology is no
exceptioh.

The basic functional unit in biology is the organ-
ism. Similar organisms are grouped by systemafists
in a species and given a scientific name, a symbol for
the recognition of the taxon. Historically, precise and
complete identification of organisms has not been
available for many species, and has commonly been
inaccurate for others. It is crucially important that
the biologist know the precise identity of the or-
ganisms he studies—even more so now in view of the
growing universal emphasis on estuarine and coastal
marine environmental work.

The. identity of microbes, plants, and ammals is
as significant to the microbiologist; botanist, -and
zoologist, respectively, as proper identification of

elements, molecules, and compounds is to the chem-

ist. Or stated in another way, the systematics of the
whole organism is no less significant than that of the
molecules of which it is made (Hedgpeth, 1961).

Higgins (1974) notes that we have to learn to iden-
tify the living targets of pollution with the same
analytical competence as the chemist identifies the
elements, and to identify community structure in the
same way the analytical chemist deals with his com-

pounds. The increasing refinement and, quantifica-
tion of biological investigation requires comparable
exactness in the identification of organisms used in
both basic and applied research. Tmprecision in
identification neutralizes research rigor! If identi-
fications are in error, published work becomes non-
replicable, and thus unscientific. In view of this
significance, we examine next the utilitarian aspects
of systematics in estuarine and coastal marine work.

Brorogicar CENSUSES AND
ENVIRONMENTAL ASSESSMENT

" Because differences in species reflect differences in
structure, function, and requirement of organisms,
the first step in any bi010gica1 study should be identi-
fication of the orgamsms under investigation (Allen,
1974; Carriker, 1967; Steere, 1971). Hedgpeth
(1957 ) cogently summanzed the argument with
reference to ecology: *... an ecologlcal investiga-
tion is esséntially a s’cudy of organisms in situ .
The primary data of any ecologlcal 1nvest1gatlon,
therefore, are the Spec1es of organisms concerned .
The first procedure in an ecological investigation 1s,
or should be, essentially an exercise in systematics,
the identification of species, and understanding,
inter alia, the relation of these species to other groups
in both the evolutionary and physiological senses.”
The significance of specific names to ecologists may
be illustrated by this excerpt from a letter received
by’ 8chmitt (1953): “I have all of my voluminous
field notes ready and only await the names of the
specimens which I sent you a long timé ago. Have
you had 4 chance to go over them? I have the names
of most, but there are still many left and I can pub-
lish nothing until I get them.” Elton (1927) econ-
cludes that one of the biggest tasks confronting
anyone engaged in ecological surveys, owing to the
lag of the systematic study of some of them, is that
of getting all groups identified to the species. A
popular method of studying phytoplankton in the
sea, which has purportedly obviated the need. for
specific identifications, employs continuous plankton
recorders and chlorophyll extraction. Recent re-
search in mariculture, however, has demonstrated
the nutritional role of some species of phytoplankton,
and the nuisance value of others (Epifanio and
Mootz, 1974), evidence that number of individuals
and 1dent1ﬁcat10n of chlorophyll are insufficient to
identify the value of species.

. The magnitude of the task of conducting sound
biological censuses in order to obtain a reasonable
picture of blologlca,l conditions even in a limited:
geographic area is difficult to comprehend in terms
of people, time, and money. Nonetheless, in this
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decade ‘“‘before and after” surveys have become
routine operations at sites of power plants-and other
technological enterprises. Various commercial groups
have sprung up about the country to conduct the
work. Unfortunately, some of this work tends to be
superficial and lacks taxonomic eredibility. To illus-
trate- the magnitude of the job of conducting
thorough, systematically sound, biological censuses,
I will summarize three. These range in- emphasm
from basic to applied. -

Open ocean.—The first was a fundamental study
of the biota on a course some 5,880 miles long west of
Mexico, Ecuador, and Costa Rica, and in the Carib-
bean (Schmitt, 1939, 1953). In 24 days at sea,
Schmitt and associates collected some 11,000 biologi-
cal specimens at 14 stations. Prehmmary sortmg
was done as birds and fishes were frozen and in-
vertebrates and plants were chemically preserved,
Further sorting by two experienced biologists at the
Smithsonian Institution, so that the material could
be distributed to specialists for identification and
classification, required about two weeks. Shipping
to out-of-town taxonomists, and their acceptance
and reporting extended over 35 months. Specimens
went to nine different divisions in the Smithsonian
and to 21 specialists in four foreign countries and the
United States. Three years after distribution of
specimens began, most of the reports from speecialists
were in hand, and by the end of another year most
of the reports were in print. In summary, 26 active
taxonomists were involved over a 3-year period; the
19 systematic papers published as of 1953 covered a
collection of 191 families, 330 genera, and 469 species
of animals, and 41 famlhes, 70 genera, and 87 species
of plants! ' L

Cape Cod Bay—The second is a ghantitative

biotic census undertaken in 1964 in Cape Cod Bay,
Mass., by the Systematics-Ecology Program, Marine
Biological Laboratory (Young et al., 1971). The aim
of the census was to provide a synthesis of informa-
tion on the kinds, abundance, distribution, and
diversity of benthic estuarine invertebrates retained
on a 1 mm mesh sereen, in relation to particle size
and organic content of the sediments, depth, temper-
ature, and salinity in an as yét relatively undisturbed
embayment. The bay was divided irito 300 one-mile
square grids, and alternate quadrats, about 100 of
them, were sampled with four different types of gear.
Samples were washed and preserved-on“board the
research vessel, and hand sorted and identified at
least to the family level in the laboratory prior to
being distributed to systematic specialists. A total of

47 taxonomists collaborated in the identifications.
The field work consumed some five years, and six

more years were required for final sorting, distribu-

tion of specimens to specialists, return of the reports,
computer analyses, and preparation of final reports.
The local work at the laboratory involved eight
different senior people and approximately 40 to 50
full and part-time sorters at different times over the
11-year period of the project. In all, a total of 237
farilies, 485 genera, and 782 species has been identi-
fied (Michael, 1975; O’Connor, 1975).

. Connecticut River—The third census is a pre- and
post-operative -long-term study at the site of the
Connecticut Yankee Atomic. Power Company nu-
clear generating station at Haddam Neck in-the
tidal region of the Connecticut River. The survey
was designed to examine possible changes in the
physical, chemical, and biological features along a
5-mile stretch of the river in the vicinity of the plant
after appearance of the warm water plume. The
study was begun in 1965 and will be completed this
year (1975), 10 years later. When the plant began
commercial operation in 1968, it was one of the
largest nuclear plants in the world. A staff of 10 to
12, based at the Essex Marine Laboratory, on the
Connecticut River, conducted the study (Merriman,
1973, 1974). In the course of the study, some 20
systematists assisted with identifications. A total
of approximately 6,500 blologlcal samples were
collected, including about 150 species of bacteria,
plants, invertebrates, and finfish. The final repor’t’,
to be published as a single volume, will contain
approximately 200 printed pages.

- The question may arise as to whether such long-
term, time-consuming, expensive censuses are neces-
sary. Regrettably, obvious substitutes to this ap-
proach are not currently-available; no better barom-
eters of the biclogical impact of perturbations exist
than organisms themselves, and there is yet no other
way to obtain baseline information prior to the
impact of perturbations. Identified organisms and
general information about them (that is, systematics
collections) still constitute the fundamental resource
for basic .evidence and assessment of what has oc-
curred, what s occurring, and what can be expected
to-oceur in the environment (Allen, 1974).

STORAGE AND RETRIEVAL -
" ‘Accurate identification is the key which unlocks

the storage and retrieval system of scientific informa-
tion. All knowledge published on organisms is cata-



490 EsTuarIiNE PorruTioN CoNTROL

logued and stored in the world seientific literature
under the scientific name of the species, or where the
systématics is incompletely known, under the names
of higher taxa in the classification. If nothing has
been reported on a newly described and named
species, its identification permits accumulation of
information for future use. Accurate retrieval of
information, consequently, can only be as reliable as
precision of identification and classification. Names
make information accessible on such aspects of
organismic biology as geographic distribution,
ecological relationships, life cycles, behavior, com-
parative physiology, host-parasite relationships,
predators, disease organisms, biclogical and chemical
controls, and response and tolerance to adverse
environmental changes.

PREDICTIVE ATTRIBUTES

Michener (1970) indicates that placement of a
species which has been inadequately studied in a
genus and family makes possible prediction of some
of its biological attributes. Although this may be a
helpful practice under some circumstances, there are
so many exeeptions that it is not recommended for
the non-specialist. There is serious danger that
unfamiliar with species, he may apply the rule of
thumb and draw false conclusions (Burbanck, 1975).
Allen (1974) notes that in current extensive testing
programs for determining tolerance levels of species
exposed to pollutants, species that are similar in ap-
pearance do not always respond similarly physiolog-
ically. Such considerations underscore the im-
portance of precise identification at all levels of
biological work.

ELIMINATION OF DUPLICATION

Needless duplication of biological research—which
is becoming increasingly costly and time consum-
ing—can be avoided by a careful check of the world
scientific literature. It is not uncommon for research
to be repeated unnecessarily beeause the investigator
did not consult the literature with sufficient thor-
oughness, or because identification of his organism (s)
was in error. Libraries, unfortunately, store too
many examples of the results of very expensive re-
search which have been discredited because of faulty
identification of species (Allen, 1974; Clausen, 1942;
Sabrosky, 1955). Stunkard (in Schmitt, 1953) suc-
cinctly summarized the problem: “Much of the
fumbling and stumbling in biclogical work can be
traced directly to the failure of the investigator to

recognize the organisms with which he worked.”” Ag"
a safeguard against repetition of error, it has become
inereasingly necessary that an identified sampling
of species (voucher speecimens) mentioned in publica-
tions be deposited in permanent accessible museums
or herbaria so that scientists can check the aceuracy
of identifications in the literature; and consequeéntly
the reliability of the publication (Allen, 1974),

Y ARDSTICKS

Through accurate scientific names and preserved
biclogical specimens, species collected at different
times can serve as a yardstick for determining changes
which may have, or will, take place. Thus, over a
long period of time, systematics collections can play
a part in revealing the rate at which evolutionary
changes occur. - For baseline information IDOE
(1972) recommends storage of uncontaminated
representative samples of plankton, fish, marine
plants, and so on, in a museum specially designed for
preservation of environmental voucher specimens
(organisms, water, sediment, and air particles) where
subsequently they may be used as indicators of nor-
mal levels of pollutants.

Some species of living organisms, more sensitive to
environmental deteriorational stress than others,
provide warning signals of pollution by physiological
or behavioral responses; while other species, less
affected by environmental change, respond to the.
changes by unusual increases in abundance (Olson
and Burgess, 1967). Shuster (1974) suggests that by
identifying the species most sensitive to pollution,
workers might recognize the impacts of pollution
long before it affects common, generally less sensi-
tive, species. Thus recognition of a “‘sick’ ecosystem
might not require a-species-by-species accounting.
The stickler here is the problem of recognition of
species sensitive to specifie pollutants, to what degree
such species could serve as accurate barometers for
the health of an entire ecosystem, and whether they
have been insensitized to the pollutant through prior
exposure. Rare species, possibly because they may
live closer to the limits of eritical environmental
factors than common species, may make more sensi-
tive indieators than ecommon species. Burbanck
(1975) suggests that we place more emphasis on non-
commercial organisms as indicators. Since they have
no economic value and are thus less disturbed by hu-
man collecting devices, they might constitute more
sensitive indicators than species periodically buffeted
by collectors. He also believes that true estuarine
spécies might be more sensitive than marine species
which move ift and out of estuaries.
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Accurate identification will also become critical as
the use of pesticides is replaced by specific control
organisms. These species are often difficult to dis-
tinguish from closely related and nearly identical
forms that feed on different hosts. To date little has
been done to control estuarine and coastal marine
pests by other organisms.

InpusTRY, FisHERIES, AND CONSERVATION

The following striking examples were cited by
Schmitt (1953, 1954) of the value, often with sub-
stantial monetary return, of identiﬁcation in these
fields.

1) Marine bivalves penetrated the outer casing of
a power cable lying on the bottom of the bay between
Palm Beach and West Palm Beach, Fla., in the
1940’s, causing a series of serious blowouts. Adult
burrowing bivalves were identified as a new species
incapable of escaping from their burrows. The prob-
lem was easily solved by burying the cable beneath
the bottom of the bay where the molluses suffocated.

2) A specialist on the systematics of benthic
sipunculid worms was asked in 1953 for copies of his
technical publications by an Alaskan cod fisherman
who had found that where these worms occur he
made good hauls of fish, The fisherman wanted to
plot the distribution of the worms in order to en-
hance his fishery and extend his operation.

3} In 1954 a sport fisherman took a specimen of a
mantis shrimp to a national museum. He sought in-
formation on its mode of life, distribution, and
abundance. A systematist, after identifying the
specimen, learned from the literature that the stoma-
topod is the favorite food of certain panfish taken by
fishermen in the Chesapeake Bay—and thus the
sport fisherman’s interest in the species.

4) In the Carolinas shad enjoy legal protection.
In order to catch violators and enforce the conserva-
tion laws, state conservation agents must be able
to distinguish between four or five species of fish, all
superficially more or less alike. C

HOW DOES SYSTEMATICS AID
IN IDENTIFICATION AND
CONTROL OF POLLUTION?

Pollutional biolegy is a subdivision of ecology, and

serious ecologists recognize that their work must be
based on sound specific identification of the organ-
isms they are interpreting (Humes, 1974). Patrick

(1949) was one of the first to stress this in the evalu-
ation of the kind and duration of stream pollution.
Her research demonstrated that there is no satis-
factory shortcut which avoids identification of
speeies involved. Tarzwell (1974) in the course of
some 40 years of investigating pollutional zones of
streams in various parts of the country, discovered
that what may be considered sensitive or resistant
species in one stream may not necessarily be so in
another stream; in a different region these sensitive
or resistant species may be replaced by closely re-
lated species. He also found that characterization of
population changes in streams over time as waste is
introduced can be made only by specific identifica-
tion of organisms. Pawson (1974), furthermore,
stressed that to understand interactions between
organisms and pollutants, one must be quite sure
that the organism in question represents one species,
and not a group of several species.

Systematic studies are also essential in establishing
the quantitative characteristics of estuarine com-
munities before real or possible pollution occurs;
otherwise, effects of pollution may not be detectable
(M. Abbott, 1974). Tarzwell (1974) noted that it is
both the qualitative and quantitative composition of
the biota of streams which indicate the severity of
pollution and the distribution of pollutional zones.
To control pollution, therefore, we must know the
organisms affected and be able to recognize introduc-
tion and extinction of species (Turner, 1974). The
need and value of accurate identification in pollution-
al biology are also emphasized by Pimentel (1971)
in a publication for the Office of Science and Tech-
nology on the ecological effects of pesticides on non-
target species, and by Battelle (1971) in a report for
the United States Environmental Protection Agency
on the effects of chemicals on aquatic life. Un-
fortunately, misclassification of Balanus sp. under
the phylum Mollusca in the latter work tarnished
the credibility of the systematic emphasis.

Some workers recommend the use of diversity
indexes for detection of the effects of pollution on
the community as a whole. A species diversity index,
however, being only a single parameter of a complex
system, has merit only if cautiously interpreted
(Hedgpeth, 1973), and provided, as should be the
practice, that species are carefully identified. This is
not always the case. Some investigators identify and
count microorganisms only to suborder and family,

and employ these taxa for caleulation of the indexes

(Allen, 1974). We must emphasize that proper
systematic skills and familiarity with species-differ-
entiating traits are necessary to construct accurate
indexes (Williams, 1974). In spite of the general
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value of indexes;, however, individual species ¢annot
be overlooked: ¢hanges in their abundance may-oc-
cur which are not detectable by the index alone
(Watling, 1974). To be properly used, species
diversity should also include the complexities of life
cycles and trophic levels (Burbanck, 1975).

There is a tendency among some workers, when
dealing with groups of organisms which are difficult
or not well known taxonomically, to carry identifica-
tions only to familial or genetic levels. Turner (1974)
argues with reason that this is simply not enough!
By taking her identifications to the specific taxon,
she was able recently to recognize introducton of
tropical species of the wood boririg bivalves, Tere-
dinidae, into the warm water discharge canal of 4
nuclear generating -station in New Jersey. Had she
identified the borers only to genus, she would have
missed the tropical introductions “altogether, and
this eritical aspect of the impact of the power plant
on its local estuarine environment Would have gone
‘unnoticed.

Systematics can be used to considerable advantage
in assessing the effects of changing environmental
conditions by recognition and study of variations in
the morphology of organisms. The method has been
little explored and merits much more attention.
Estuarine species thay be more plastic than ceeanic
forms, and may thus reflect the effects of pollution
more readily (Watling, 1974) ; Rasmussen’s (1973)
documentation of the variability of the genus Gam-
marus in his study of the Isefjord fauna is a good
example of morphological plasticity. Remane and
Schlieper (1971) recorded other examples.

Success in reducing or eliminating low levels of
harmful pollutants, recognized only with- difficulty
by chemical means, is determinable biologically and
with reliability by the responses of the organisms
affected. Some pollutants may exert their effects in
very minute amounts over long periods of time.
Exposure to sublethal concentrations of detergent,
copper, and zinc, for example, caused fatal anatomi-
cal abnormalities in the second generation of the
polychaete Capitella capitata (Reish et al., 1974).
Other pollutants may be progressively concentrated
in food chains, and still others may interact synergis-
tically. The latter may result in insidious alteration
of aquatic environments, especially of estuaries
(Odum, 1970). Yet additional organisms, preadapted
to survive or thrive in certain polluted environments
that are noxious to most other organisms, become
indicators of that pollution (Olson and Burgess,
1967). Systematic knowledge: of “‘normal’” biotice
structures provides the base for companson "‘with
that of poisoned eommunities. :

- One of the potentially most damaging categories of

change which can be brought about by man, re-
sulting in decimation of entire species, is loss of
genetic information through pollution-induced en-
vironmental change. Processes leading to extinction
of large animals and plants are no longer likely to go
unnoticed even if they cannot be interrupted. In
certain cases predictions of immediate consequences,
such as Cousteau’s recognition of potential change
in the oceans should filter feeding whales be elimin-
ated, are recognized. However, dearth of information
on small estuarine metazoan organisms, like nema-
todes, prevents any reasonable capacity for predieting
the consequences of pollution to the environment
in the context of these small invertebrates. Although
levels of pollution are probably most effectively
measured by physical and chemical techniques, im-
pact of pollution is best measured in life systems,
and thus the requirement to recognize the total
dependence of pollutional ecology—no, all ecology—
upon the sophistication and thoroughness of its
foundation in systematics! The consequences of
pollution to the earth and to man are of such magni-
tude that a compelling case is readily made for the
study of a broad speetrum of micro-, meta-, and
macroorganisms in assessing any influence of pol-
lutants. However, such undertakings remain so
primitive and inadequately supported that a major
research effort, to be measured in decades, is still
required to determine the full extent to which sys-
tematic knowledge especially of small organisms, can
significantly aid in the identification and control of
pollutlon (Murphy, 1974). '

What is said by Murphy about small metazoans
in the identification and eontrol of pollution, applies
to an even more critical degrée to such ubiquitous,
abundant, estuarine microorganisms as fungi, yeasts,
bacteria, viruses, and so forth. Bacteria, for example,
are more important than most of us realize in pol-
lutant transfer, biological degradation, carbon as-
similation, and possibly in the eontrol of “soluble
concentrations of elements (Alexander, 1973).
Viruses, minute, thhly mutable agents, are common
in estuaries, move in the ground water, and inhabit
water reuse systems, but lack of information on
their behavior in these systems has impeded dévelop-
ment of the reuse of water. Cooke (1969) is pessimis-
tic about the emergence of general descriptions of the
remarkably complex behavior of natural populations
of microorganisms in native waters, and notes that
research on the role of microorganisms in pollutional
biology must include study of specific chemical
compounds and measurement of their degradation
products. I would recommend, in addition, that
the research must include intensive systematic
investigations {a) to provide the essential seaffolding
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upon which to hang the results of the"pbllutiox.laln

research and (b) to aid in its interpretation.

Summary.—TField systematics aids in the identi-
fication of the kinds, distribution, severity, and dura-
tion of pollution at individual, populational, com-
munity, and ecosystemic levels. It does so by re-
vealing (a) changes in the proportion of abundance
of individuals, (b) alteration in the composition of
species (By elimination of some and introduction of
others and changes in ecological succession), (¢)
modifications in morphology, physiology, ecology,
behavior, and development at individual dnd popu-
lational levels, and (d) emergence of hardy indicator
species which survive or even thrive in the altered
environment. Systematics also aids ‘in identifying
laboratory experimental organisms for study of the
biological effects of pollutants on them and thelr
responses to the pollutants.

Systematies contributes to control of pollutlon- in
the sense that populations and physio-ecological
systems, which themselves function in reducing or
rendering innocuous the effects of pollutants, can
be recognized and augmented. Such species systems
are abundant, especially in the microbiologieal realm
where they serve as shock absorbers in buffermg the
effects of chemical perturbatlons

Beneficial Effécts
of Increase in Systematic
Knowledge and Services

An increase in knowledge and services in systema-
ties will accelerate the rate, and make possible
expansion, of systematics-dependent environmental
investigations currently in progress. It will also open
to investigation’ problems not now undertaken be-
cause of the difficulty or impossibility of obtaining
needed identifications. Questlons are niot now being
asked on the identification ard control of pollutlon
or go unanswered or are delayed becalise of in-
adequacy of identification services and facilities;
answers to these questions would probably materially
enhance biological assessthent of the impacts of
pollution, and thus of pollution ‘control (Michener,
1970). The interstitial fauna, for example, are poorly
known (Hulings and Gray, 1971), yet intertidal
beaches and tidal marshes in estuaries are the first
zones to be attacked by floating pollutants. Compre-
hensive knowledge of these fauna might reveal
improved ways of determirning the impact of-the
various fractions of these pollutants. Adeguate
knowledge of interstitial organisms, most of .which
are minute and many are abundant, would make
available large numbers of them for the assessments.

A decrease in knowledge and services of system-
atics would unquestionably mean that causes and
effects of pollution would remain unknown or con-
fused (Wigley, 1974). Pollutional researchers would
find themselves in the same situation faced by many
physiologists who a few years ago based researches
and conclusions on improperly identified organisms
(Humes, 1974). Under these circurnstances possibil-
ities for duplication of experimental work or for
making comparisons of seemingly similar situations
would be slender indeed, and in fact, any compari-
sons would be automatically invalid (Pawson, 1974).
If one remains unsure of the organisms he is dealing
with, results of investigations based on them will
likewise be questionable and uninterpretable. In
this regard, closely related species, particularly
sympatric species, must be very carefully identified.

Should systematlcs not be supported, Turner
(1974) envisions a decreasing number of system-
atists, and chaos when scientists report experimental
results on incorrectly identified organisms. Higgins
(1974) stresses that no cause and effect analyses of
any ecosystem can oceur without precise identifica~
tion of both the biotic and abiotic components, and
because of its extraordinary complexity, this applies
to the estuarine ecosystem above all others. Murphy 8
(1974) concern, if systematlcs continues at its pres-
ent low level of support, is that international, na~
tional, and local policy directed at pollutional control
and purportedly based on ecological considerations,
will continue to be pursued with a totally 1nade~
quate data base. . .

WHAT HUMAN‘ ESTUARINE ACTIVITIES -
REQUIRE IDENTIFICATION SERVICES?

Allowing the world ecosystem to function in a
viable, healthy way is a responsibility as well as an
awésome challenge to man. The responsibility can
be met; in part; by‘maintaining a high level of bioclog-
ical diversity which is commensurate with biotic
stability and insures against the onslaughts of cli-
mate and disease (Steere, 1971). But a pervading
thrust, intrinsic in ‘man’s recreational, fishing, tech-
nological, and control a¢tivities is making the task
of preserving dlversﬂ;y increasingly difficult. No-
where" on'the globe is this thrust more stridently
evident than along coasts and estuaries. Organisms,
ircluding much of the human population, find them-
selves unwillingly embroiled, often helpless victims,

of biotie instability in increasingly ravaged environ-

ments.

Sinee kinds of spemes and numbers of 1nd1v1duals
are ingredients of diversity, it is necessary that
periodic biotie assessment of the impact of man’s
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Table 1.—Human estuarine activities requiring identification and classification
of organisms

Activity Organisms

Recreation Species harmful or potentially harmful in recreational
activity which takes people into the water, or in the
course of which there is danger of falling into the

water; example, sea nettles.

Sports and. commercial Species taken commonly such as finfish, as well as

fishing species which could be taken but hecause of custom
are not, such as squid and conchs; potentially poi-
SOnous sp , as shellfish paralytic poisoning
in man. .

Artificial striictures Species influenced by, affecting, or associated with
manmade bulkheading, piling, wharfs, anchors, buoys,

island structures, harnacles.

Construction and operation | Species associated with, influenced by, or affecting cool-

of pawer plants ing waters, thermal plumes, cooling towers, radioac-
tive discharge, and plant conduits through which water
passes; attached algae.

Exploration and develop-
ment for oil and gas

Species associated with, influenced by, or affecting
exploration, rigs, towers, pipe lines, etc.; spills and
discharges; fouling arganisms of all kinds.

Extraction of minerals Species influenced by, affecting or neutrally associated
with mining of sand, gravel, metals, and other mineral

resources (less gas and oil); surf clams.

Sediments: dredging and | Species influenced by, affecting, or associated with
filling sedimentation and erosion resufting from this ac-
tivity; tube worms, oysters.

Placement of wastes Species influenced by, affecting, or associated with the
dumping of liquids and solids, or involved in effluent

sinks; mussels,

Bislogical control Species used in control as well as those affected directly
or indirectly by biological control; none yet employed

in coastal waters, but approach is promising.

Chemical control All target and iated non-target st in the area

of pesticide spraying; intertidal oysters and mussels.

Ecological surveys
{pollutional)

Basic surveys; wherever possible all speci led;
applied surveys: as representatlve |denl|f|cat|an as
possible (the problem: don’t always know what species

are representative of communities).

All species known, or postulated to be involved, in
anticipated activity.

Impact statements

activities be made. A brief catalogue, suggestive of
those activities in which estuarine organisms require
systematic identification, is presented in Table 1.

What Organisms
-Should Be ldentified?

Only a few non-taxonomists appreciate how poorly
most plant and animal groups are known taxonomi-
cally. A striking illustration of this was presented
by Remane’s work on the microscopic marine fauna
of the Kieler Bucht, an area previously considered
to be well known. By thorough search and with the
application of new methods, Remane found 300 new

spemes including representatives of 15 new families,
in 10 years (Mayr, 1969)!

In time, with improved systematic resources and
support, identification of most species should be
required. Why? The answer is implicit in observations
paraphrased from Woodwell (1974): If qualities of
the environment that are essential for certain types
of life are changed, the structure of natural systems
will change. The species favored are those whose
populdtions ean respond most rapidly to the changes.
These species are mostly small bodied, rapid'y re-
producing forms that can exploit altered conditions.
Such modified conditions increase the frequency of
rapidly reproducing pest and weed species. When
chronic disturbance of any kind changes the strue-
ture of natural ecosystms, populations of hardy
resistant organisms characteristic of impoverished
sites increase, food chains are shortened, and the
capacity for support of all life is reduced.

Until more adequate systematic services and
finaneial support are available—but as a short term
expedient only—precise identification in applied
work could include appropriate representatives in
at least the functional categories of estuarine and
coastal organisms listed in Table 2. Which species of
plants and animals should be emphasized would
depend on the mission of each investigation. The
unsolved problem in this approach is the serious
difficulty of defining what constitute representatlve
organisms!

On the surface it might seem that the systematics
of estuarine species might be less complex than that
of marine groups because their number is proportion-
ately less. Potentially, however, the problem is as,
or more, complex, because the estuarine systematist
has to be prepared to deal with, not only marine spe-
cies which normally move in and out of estuaries,
but those which may extend their ranges, be intro-
duced by storms, coastal birds, or human activities,
or float down rivers and streams during stormy
periods.

Why Not Ignore
Undescribed Organisms?

Is it necessary in both basic and applied biological
work to consider those organisms which man has not
yet named and desecribed, and which, therefore, are
unavailable for con51derat10n until taxonomlcally
treated?

Some (Ehrlich, 1961; Raven et al., 1971; Sokal,
1970) would argue (a) that we should restrict identi-
fication and classification to those organisms which
are of actual or potential value, and (b) that to in-
sist that it is necessary to name every living organ-
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Tahle 2.—Functional groups of estuarine and coastal organisms which should
be considered for identification in the assessment of the impact of pollution.

‘ Groups Examples

Caommercial and -sports organ- | Phytoplankton, seaweeds, sponges, corals, bivalves,
isms: used and potentially gastropods, cephalopads, polychetes, decapod
useful crustaceans, . fin fishes, sea turtles, porpoises,

dolphins, whales {see Shapiro, 1971).

Organisms associated with com- | Competitors, mutualists, commensals, predators,

mercial and sports organisms | and food organisms (see Henry, 1966); disease
and parasitic organisms: viruses, bacteria, fungi,
sporozoans, ciliates, trematodes, cestodes, nema-
todes, copepods, isopods, gastropods (see Sinder-
mann, 1970).

Organisms poisonous or poten- | Animals that bite or sting: sharks, sting réys, manta,
tially poisonous or harmful to barracuda, moray eels, cat fishes, scorpion fishes,
humans as food, in swimrming, toad fishes, sea bass, sea lions, killer whales,
or in other recreation tridacna clams, sea nettles, cone gastropods,

octopuses, sea urchins (see Halstead, 1959);

poisonous to eat: shellfish which have consumed

toxic dinofiageliates, poisonous sharks and rays,
moray eels, poisonous fin fish (see Halstead,

1959); parasites: amebas, trematodes, cestodes,

nematodes; disease organisms: viruses, bacteria,

fungi, yeasts (see Cheng, 1967).

Organisms fouling surfaces of | Algae, fungi, protozoans, sponges, coelenterates,
estuarine structures bryozoans, annelids, bivalves, tunicates (see
Woods Hole Oceanographic Institution, 1952).

Orgarisms over, on, and in areas | Most lower plant, invertebrate groups: plankton,
to be, or being used for min- nekton, epifauna and epiflora, infauna, meiofauna.
ing, dredging, filling, waste
disposal, power plants, oil
and gas exploration and de-
velopment

Organisms blocking screens of | Primarily nekton: fin fish, some crustaceans; macro-
power plant intakes and other |  scopic algae.
marine operations

ism in order to complete the job of systematics, ig-
nores the necessity for judicious sampling in our
efforts to understand the universe. This point of
view, unfortunately, overlooks the critical question
“How are actual and potential value determined?”
It also dismisses the significance of biological classifi-
cation which is intended to provide a framework on
which to arrange all levels of all available biological
information. Clearly, substantial gaps in the frame-
work leave voids in the content- within which re-
lationships can be expressed (Heywood, 1973).
Others, whose point of view I share, feel that the
primary job of exploring the flora and fauna of the
earth’s surface desperately needs doing because the
natural resources of the globe are being destroyed
at a fearful rate and hundreds of potentially in-
valuable species will be wiped out of existence even
before they are made known to science, much less
analyzed for potential utilization (Fosberg, 1972;
Keck, 1959; Mayr, 1969; Steere, 1971). Many of
these species may be found useful horticulturally,
agronomically, and economically, as food, forage,

timber, fiber, pulp, medicine, ground cover; and so
on. (Keck, 1959). For example, (a) the sperm whale
is nearing extinetion with loss of its natural produet,
sperm oil, but botanists discovered that an obscure
desert plant called jojoba produces a liquid wax
which may funection as a substitute; (b) a little-
known beetle produces a medically important drug,
cortisone, in amounts equivalent to the adrenal
glands of 1,300 cattle; and (¢) prostaglandins, im-
portant hormones available in verv Lmited natural
supply, oceur in quantity in a soft gorgonian coral in
the West Indies (Evans, 1973). Furthermore, we do
not know whether certain organisms are essential 1o
the continued functioning of the ecological processes
on which our continued tenure on the planet
depends (FFosberg, 1972)—and we dare not risk not
finding out!

To complete the task of identification of all species
will require the labors of several more generations.
Considering the limited number of specialists, we
must take it for granted that a large part of the
majority of the kinds of plants and animals will re-
main unsampled, unnamed, and unclassified for
decades to come (Mayr, 1969). At present probably
one-third of the living species of fishes remains un-
known. Our inventory of invertebrate animals re-
mains seriously incomplete. Insects are far and away
the most numerous in species, and the least known.
Oceanic and estuarine plant and animal life is very
incompletely understood. Knowledge of the species
of bacteria, viruses, yeasts, and fungi is sparse, a
serious deficiency considering their great economic
importance and the vast number of species (Steere,
1971). :

Many well-known plant and animal species have
passed into extinetion in the last 150 years (Steere,
1971), and thus are irreplaceable. It is postulated
that literally thousands of species will become extinet
in the next generation in all parts of the world as a
result of the growing human population, pollution,
and habitat destruction (Mayr, 1969; Terborgh,
1974; Uetz and Johnson, 1974). Raven et al. (1971),
even more pessimistic about the survival of species,
doubt that even 5§ percent of the world’s unde-
scribed organisms can be added to our inventory
before the currently undescribed 80 percent or so
of the world’s organisms become extinet.

Woodwell (1974) vividly summarized the trends
and the consequences of extinctions:

This is the pattern of life now, slow, progressive, cumula-
tive and unidirectional as species are eliminated; the
pattern is already widespread, perhaps worldwide in
some degree. It leads, not to a clear crisis, a cataclysm,
but to the slow erosion of the quality of environment;
to the loss of fish in fisheries, to the accumulation of
pests, plant and animal; to the gradual ercsion of the
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cdpacity ‘of “environment ‘to- stabilize water ﬂows to
provide clean water, fiber and food, to hold and recycle
nutrients on' the land. It leads. to accumulation of
biotically impoverished zones almost without notwe,
‘zones that are progressively less capable of supporting
life, ineluding man, and it leads to a steady increase in
requlrements for human intervention in the basic func-
tion of enwronmen’c more dams and more pestchdes

I am convinced that ‘all or'ganis'ms' on the globe
have a functional role, directly or indirectly, of
‘conseguence to man. In spite of the enormlty of the
task, we must proceed with a sense of urgency in
‘the systema’mc exploration of the world’s blota in
order to salvage at least the most critical species
prior to thelr poss1ble extmctlon.

HOW ADEQUATE ARE
TAXONOMIC IDENTIFICATION
PUBLICATIONS AND SERVICES?

The lack of inventories of systematic specialists,
publications on identification, and taxonomic identi-
fication services constitue a major bottleneck in the
applieation of systematies to the serious problems of
environmental deterioration. In the United States
we are fortunate, indeed, that an active, dedicated
“group of biologists has recently organized nationally
_as the Association of Systematics Collections with
the primary goals of improving (a) the condition of
biclogical systematics collections .as a national re-
source, and (b) the quality and efficiency of system-~
. atic services associated with these resources (Irwin
et al., 1973). It is regrettable that several years may
elapse before these services will be available at the
level of performance at which. they are 80 badly
needed... . .,

‘Systematic Specialists’

N6 current lists of systematists and their fields of
specialization exist. An international directory of
botanical specialists appeared in 1958 (Roon, 1958),
and another on zoological taxonomists of the world
" wag published in 1961 (Blackwélderand Blackwelder,
'1961). Regrettably, these are now somewhat out—of-
date. As a result one'must generally rely on word of
mouth for this information, a not very efficient
means of distributing scientifie data. . "~ ooy

" Identification Resources - ,

Taxdnomic informatipn on 4 Iirhi”péd number of
estuarine and coastal marine plants and animals is
generally available and reasonably complete, but
that on mdst others is scattered and coverage is

Table 3.—Status of taxonomic publications for identification and classification '
of macra- and meiofauna in the estuaries and .continental shelf of the middle
eastern United States. (References are not listed in the literature section of

this paper). ;

Macrofauna

Porifera: delaubenfels (1949), Hartman (1958), and Wells Wells and Gray (1960)
are good souvces, but no comprehensive guide is available,

Coelentérata, Hydrozoa Fraser (1944) is thorough but difficult to'use and-species are
often difficult to distinguish; Nutting (1900-1915) is hetter but doesn't cover all
families; many species need redescribing,

Coelenterat:!, Anthozaa: no complete source.

Rhyn\c’hocoela: Coe (1943) is excellent, but some knowlédge of internal morphology is
. required.

Annelida, Polychaeta: some groups, such as the distinctly errant families, are cavered
well in sources like Pettibone (1963), but there are serious difficulties with some
sedentary families, for example the Cirratulidae and Capltellldae Day (1973) is
also helpful,

Sipunculida: the recent paper by Cutler (1973) is very hélpful.

Motlusca: the second edition of Abbott's (1974) book is indis’pénsible since it lists all
malluscs found off this coast and gives references to descriptions.

Crustacea, Cirripedia: the unpublished preliminary feport by Zullo (1963) is helpful,

but is refatively unavailahle. .

Crustacea, Mysidacea: Tattersall (1951) i is 1hor0ugh but difficult to use; a handbook
by R. Wigley is in preparation.

Crustacea, Cumacea: no complete source is available; a handbook by L. Watling is in
preparation.

Crustacea, Tanaid  no

plete source is availab!
Crustacea, Isopoda: the handbook by Schultz (1963) is excellent for identification.

Crustacea, Amphipoda:-Bousfield (1973) is excellent for the more commonly found
species; some of the older monographs are needed occasionally.

Crustacea, Stomatopoda: Manning (1974) covers thev few local species,
Crustacea, Decapoda: Williams (1965, 1974) are both excellent.

Bryozoa: papers by Osburn (1912) and Maturo (1957) are very useful; however, a com-
prehensive guide is much needed. .

Echinodermata, Asteroidea: no complete source is available, but Gray et al, (1968) is
helpful.

Echinodermata, Ophiuroidea: no complete source.

Echinodermata, Holuthuroide;:: Deichmann (1930) is very. good.

U‘mchofdafa': the monograph ‘b'y>V'an Name (1945) is excellent, but difﬁquli to obtain.
Meiofauna

Protozoa: Borror (1973) covers the genera of ciliates. While there is a profuse litera-
ture on Foraminifera, no comprehensive key exists; there are no complete sources
for other pratozoan groups. .

P!atyhelmmthes: no complete source.
Gastrotricha: no complete source, taxonomy is unsettled.
Kinorhyncha: American species largely“unknOWn, and generally overlooked.

Nematoda: no complete source; many species from American Atlantic waters have been
described, but the nematede fauna from mid-Atiantic shelf waters is virtually
unknown.

' Annelida, Archiannelida: no complete source.

Annélida‘ ‘Oligochaeta: identification bf’spécies is difficiilt hut has been made consid~
erably easier by the papers of Brinkhurst and Jamieson (1971) and Cook and Brink-~
. hurst (1973) o

Crustacea, Ostracoda many .scattered papers, but there is no complete source.

Crustacea, Copepoda: harpacticoid ¢opepods from the mid-Atlantic continental shelf
are not well documented. ) o
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seriously. incomplete and spotty. Especially lacking
are taxonomie monographs on major and minor taxa;
illustrated keys, manuals, check lists, and “atlases;
and authoritatively identified, representative, ac-
cessible collections of organisms, their photographs,
and resource literature {Carriker, 1967).

Selection of some taxonomic groups for study is
too often guided by chance rather than by careful
choice on the basis of the greatest void in knowledge.
In other groups, systematists have not had the time
or assistance to prepare syntheses, even though much
of the technical information may be at hand. Then
there are whole phyla, especially among marine
invertebrates, for which there are no authoritative
specialists. Moreover, early stagesin the life history
of the biota are generally less well-known than adults;
least known are the micro-, meio-, and small meg-
abenthos. These several groups therefore pose in-
surmountable systematic barriers to most ecologists.
The absence of systematic information has been
circumvented by some biclogists by giving potential
species arbitrary.codes until such time as these or-
ganisms can be investigated systernatically. This
expedient however, excludes the value of positioning
species in the classification scheme for 1nterpretat1ve
analysis based on relationships.

‘The "seriousness of ‘the problem of inadequate
‘identification resources is emphasized by Chace
(reproduced in Schmitt, 1953, Appendlx A) and
Watling and Maurer (1974).

Chace in a revision of his list on the status of the
svstematics of recent invertebrates other than in-
sects, included comments on 44 major taxa. The
following observations are representative.:”

. identification difficult or impossible without living
ma,terlal more specialists greatly needed; virtually im-
~possible to obtain identifieations; the only experienced
taxonomist is too busy with teachmg and administra-
tion for identifications; large collections still awaiting
identification; few publications; the only specialist is
retired; poorly known groups, need much more study;
the- only specialist just deceased; intensive studies now
in progress; group fairly well covered but world mono-
graph needed coverage reasonably good except for
Atlantic species.

Clearly, prospeets for identification were not promis-
mg

. The data compﬂed by Wathng and Maurer. (1974)
indicate that a grave problem still faces betnithic
ecologists in establishing monitoring programs, and
that progress in systematics has been slow since the
preparation of Chace’s list (Table 3).

Watling (1974) observed that most groups (the
Mollusea, for example) have received systematic
coverage that is usually inversely. proportional to
their ecological importance but directly proportional

to their size, color, and ease of handling! Though
some improvement is evident in the number and
quality of identification publications, the level is
still far from what is réquired and must be achieved
in a reasonable time if we are to meet the needs of
pollutional ecology and other fields of biology.

In some regions of the United States the serious
void in identification publications is being partially
filled by series of illustrated identification manuals
prepared aperiodically by collaborating svbtematlc
specialists as resources and time are available.

One of these, the “Marine Flora and Fauna of the
Northeastern Umted States,” is well underway and
provides 4 model for the organizzltion of similar
series on other coastal regions where none exists
(Carriker, 1974). The first manual was published in
1973, and since then five additional ones-on coastal
plants and invertebrates have appeared, printed for
the advisory beéard of the series by the National
Marine Fisheries Service in NOAA Technical Re-
ports. ‘Some 80 systematic specialists in the United
States -anid -a few abroad are contributing manu-
scripts. Much of the work on the “Marine Flora and
Fauna” is done as a “labor of love,” support, if any,
coming from whatever source is avallable '

A second series, “Manuals on Marine Organisms,”

‘dealing with tropical Atlantic American fauna, being

prepared by G. L. Voss and F. M. Bayer and associ-
ates, University of Miami, is representative of biota
of the ‘southeastern United States.” Two guides,
written for use by non-specialists in the fisheries and
environmental * fields, have been published, and
several more are ih preparation Basic information
on poorly ‘known groups is pubhshed in another
series, “‘Fauna Caribaea.” :
A third series, ‘“Biota of Freshwater Ecosys’remb,
sponsored by the Environmental Protection Agency
with the assistance of the Smithsonian Institution,
is a valuable series of identification médnuals on
North American organisms prepared by specialists
(Smithsonian Institution, 1972-1973). Althollgh not
directly applicable to coastal waters, the set is an
important supplement in the 1dent1ﬁcat1on of fresh-
water organisms floating into. estuaries from streams
and lakes: To date 11 manuals have appeared in
print and others are in preparation.

Syste maﬁc‘Serv‘ice‘s

For many kinds of orgamsms one investigator
easily obtains enough specimens in a short time to
swamp several identifiers for months. Moreover,
there are many more requests than can be filled for
service 1dent1ﬁca’f1ons for ecologists, amateurs, pub~
lic health officials, and those conducting stream and
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forest surveys; for lists of organisms for impact
studies; and for the needs of pollution assessment
and monitoring. These, and other economically ori-
ented service needs, have far outstripped the capac-
ity of taxonomists and their assistants to cope with
the flood of requests (Irwin et al., 1973). In spite
of the fact that many state governments, experi-
ment stations, or agricultural schools employ per-
sonnel to provide identification services of species
common in their geographic areas, the number of
professionally capable systematists is still small The
federal government maintaing national identification
services for several groups of economically impor-
tant organisms, such as insects and related taxa,
and parasites of domestic and other animals. Bome
of the federal services provide in-house identifica-
tions only, while others serve outside agercies and
the general public. Even with these services, none-
theless, identifiers for many taxonomic groups are
quite unable to keep up with the current demand
for determinations, much less provide for prospec-
tive future needs. Some sorting centers have béen
created for marine organisms, but none makes spe-
cific identifications, and lag time is exasperating
(Michener, 1970). '

In addition to current requests, most taxonomists
are faced with a great accumulation of unworked,
undetermined specimens which have piled up for
years (Schmitt, 1953). Because systematists who
are willing to funetion in a service role are invariably
overworked and under-assisted, they are unable to
cope with the demands on their time. The needs of
other ‘biologists are thus often poorly served, and
available comparative collections are frequently in-
adequately curated for proper study (Irwin et al
1973).

Traditionally, Identlﬁcatlons have béen prov1ded
free of charge by taxonomists or organizations will-

ing to make them. This practice is patently unfair,

and has contributed to the lack of technical assist-
ance to systematists, to the prolonged delay in
obtaining identifications, and to the unattractiveness
of the sérvice function. It is gratifying to report,
however, that this trend is shifting, and some grants
are now including funds for taxonomic services.
Most critical in the long view, after all is said and
done, is the fact that the sérvice role often prevents
systematists from getting on with the urgent research
of preparing the basie floras, faunas, and mono-
graphs—the very foundation of the service function.
There is thus unquestionably a strong basis for
the alarm expressed, especially by organismic biolo-
gists, over the service role of systematics to the
nation and the future of the field of systematics

itself! It is clear that a strong,- coordlnated long
range, national plan is urgently required.

Members of the Association of Systematics Col-
lections (ASC) have already formulated such a plan
called “America’s Systematics Collections: A Na-
tional Plan’ (Irwin et al., 1973). This stresses the
importance of systematies collections to science,
society, and education, and outlines an approach,
carefully developed by the newly organized com-
munity of systematists, for the' recognition and
development of systematics collections as an impor-
tant national resource and service.

Specific goals of the ASC include: (1) manage-
ment of the national inventory of speecimens and
associated documentation in museums and herbaria
to insure a) permanent conservation of specimens,
b) ready access to them and their documentation,
and ¢) space, facilities, and library resources; and
(2) addition of new specimens and associated infor-
mation. Specific service-related aims include (1)
make available upon demand spécimens or taxon-
related information in a variety of useful forms,
(2) enable incorporation of specimens and associ-
ated data in an information management system,
and (3) enable ready access to specimens themselves
and to associated documentation and library ma-
terials. The ASC is moving ahead to implement
these goals. Some of their activities, carried out
through a series of ASC Councils, include: (1) iden-
tifying systematics colleetions of importance as
national resources; (2) developing standards for
systematics collections; (3) implementing electronie
data processing in collection management proce-
dures; (4) developing more effective use of system-
aties collections in the study and resolution of prob-
lems affecting the quality of the environment; and
(5) developmg technical training programs for pro-
fessional service personnel and their placement.

A major emphasis of the ASC is corrett identifica-
tioh of species to indieate environmental changes
and their effects on human welfare. The association
aecordingly ineludes in its plan a survey of public
and private agencies to determine actual or potential
availability of resources to support, among other
sys‘cematlc activities, contracts for spemﬁc identifica-
tion services.

Systematic resources in the United States of im-
portance in estuarine biological work also include
collections of living specimens. The American Type
Culture Collection, for example, is a national iden-
tification center in Rockville, Md., which for a fee
identifies live viruses, bacteria, fungi, and protozo-
ans, The organization is now establishing a national
computerized microbiological strain data center
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which will permit investigators to compare micro-
biological data with that at other centers in the
country. Another important national research re-
source is the Culture Collection of Algae at Indiana
University, Bloomington. Identification services are
not provided because of lack of personnel, but living
type cultures of algae are available for a nommal
charge.

Non-Specialists and Identification

The non-specialist is usually able to identify and
classify orly those species which specialists have
already described, named, and reported in the scien-
tific literature. Because of the frequent difficulty of
use of the original systematic reports by nonspecial-
ists, systematists synthesize the original literature
into a form which is more readily applied in identi-
fication and classification. These syntheses take the
form of illustrated manuals, check lists, taxonomic
monographs, and general systematic books. An ex-
cellent example of the last category is the recent
volume by R. T. Abbott (1974) on the marine
molluses of the Atlantic and Pacific coasts of North
America. Others are E. L. Bousfield’s (1973) fine
publication on the shallow water gammaridean
amphipods of New England, and Light’s manual

on the intertidal invertebrates of the central Cali- -

fornia coast (Smith and Carlton, 1975).

Because closely similar species may be confused,
it is highly desirable that the non—specmhst confirm
his preliminary identifications by comparing spec
mens with correctly identified specimens in museum
and herbarium collections. This procedure is all the
more important as similar and closely related species
not listed in publications readily available to non-
specialists may be overlooked. -

For careful research, comparlson alone may not
provide the necessary authoritative confirmation.
In this case the assistance of a specialist, or an
assistant closely associated with the specialist, should
be solicited. Identification is not always a simple
matter of identifying one standard form of indi-
vidual. In a series of individuals from many locali-

ties, complications may be introduced because of.

such modifying factors as individual, sexual, sea-
sonal, ontogenetic, and geographic variations, as
well as the possibility of intergradation with neigh-
boring species (Schmitt, 1953). Moreover, intro-
duced and immigrant species may be present that
answer to the same criteria in a key as do local
species. Hedgpeth (1975) informs me that over
50 non-native specles occur in San Franmsco Ba,y
alone!

Because of the taxonomic complexity of many

organisms, and the consequent danger of misidenti-
fieation, voucher specimens should be made avail-
able, preferably in museums and herbaria, whenever
possible. These insure that the value of ecological,
behavioral, physiological, biogeographic, and other
biological work based on identifications will not be
reduced due to questions about inaccuracy of deter-
mination of the organisms involved (Irwin et al.,
1973).

TRENDS IN SYSTEMATICS—
SYSTEMATISTS ENDANGERED?

Unquestiohably the degree of success of the service
funetion of systematics in future years will be deter-
mined by the health of the field of systematics
today. It is thus important to review the current
state of the discipline.

In Darwin’s time systematists enjoyed a high
reputation. The turning point in disfavor came about
the turn of the century, not because of the work of
systematists but because other fields of biology
seemed more promising (Hedgpeth, 1961). System-
atics then received a substantial stimulus with the
creation of the National Seience Foundation in
1950. Althoygh increased funding resulted in a mul-
tiplication of systematic research, subsequent finan-
cial support from all sources has been insufficient
to keep pace with the needs of systematics in either
basio or applied areas. Consequently, the current
resources of the field are inadequate to meet not
only present national service r.eeds, but much less
the needs of the future.

For one thing;, decreasing numbers of students
are attracted to careers in systematic biology. The
reasons, not hard to find, contribute to the low
nimber of trained systematists: a tight job market
and reluctance of many university departments to
hire systematists, overshadowing of systematics by
such fields as ecology and behavior, reduced amount
of available support for graduate students in the
form of fellowships, and general deemphasis of
gystematics in graduate curricula (Humes, 1974).
In faes, systematists have been all but excluded
from many of the best biology departments in this
country (Wilson, 1971). As a result, many teaching
systematists are trying, with little success (Steere,
1971), to leave academia and move into museums
which seem to have become the last bation of
defense for systematics—which is Wrong' (Pawson,
1974).

Because systematics does not occupy a prominent
position in most educational institutions, much of
the systematic research conducted in the eountry
is done in fragments of time snatched between ad-
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ministratlve or teaching duties by biologists Whose
major responslbihties are nonsystematic. .

“In spite of the fact that the potential worth of

systematics to society is now greater than ever,
only a handful of graduate university departments
in the United States and Canada are now strong
in systematics. These departments have to be asso-
ciated in ‘some way with research collections to
conduct their teaching and research; and whereas
several state universities and colleges used to main-
tain museums with biological research collections,
few do now because of funding problems: Default
in this area has thus led to surrender of important
regional collections to the United States National
Museum. The result of this drift in collections has
been to remove resource materials from new scholars
to some degree and to widen the split between edu-

cational opportunity and young biologists who could

participate in this discipline. Many who become
taxonomists, therefore, do so in spite of these diffi-
culties, or are self—tramed (Mosqum, 1971 Wathng,
1974; Williams, 1974).

Systematists at the doctoral level require many
years of training. Most rarely wish to devote full
time, or even part time, to the service aspeets of
‘systematics, particularly since such services aré not
professionally satisfying and have seldom been finan-
‘cially compensated. Hopefully, with growing na-
tional recognition of the importance of systematics,
more systematists will be encouraged to participate
in servieé oriented investigations; the resulting serv-
ice resources (keys, manuals, monographs computer
programs, and so on) then being turned over to
technical taxonomically trained assistants to carry
out the serviee activities. Tt is -important that the
significant role” of taxonomic assistants be- fully
recognized and that they become the major working
foree in taxonomic service centers under the direetion
of professional supervisors.

- Sinee the number of -pure research posmons in
systematics is limited and most systematists earn
their living as teachers, curators, members of identi-
fication services, or in other branches of bioldgy,
the borderline between systematists and other biol-
ogists has blurred. This is providing opportunity in
systematics for biologists of varied interests (Mayr,
1969). Many ecologists are a good example. Beeause
of ‘the scaréity of systematists, -identification ‘has
fallen increasingly on the ecologist, and as a conse-
quence some have become highly proficient in' the
systematics relating to their field of research. The
blending of systematics with closely related disci-
plines, both as pure science and in its application,
augurs well for the future of systematists. So does

the ‘growing appreciation of the correct image of
the modern systematist; that is, one who concerns
himself not only with preserved specimens in col-
lections, but who also works in the field and in the
laboratory studying whatever phase of morphology,
physiology, ecology, behavior, biogeography, and
life history contributes to a fuller quantitative under-
standing of the likenesses, differences, groupings,
and evolution of the species of his specialty (Turner,
1974). Mayr (1969) notes that the systematist has
every reason to be optimistic about the future of
his field. The latudable efforts of the Association of
Systematics Collections may help to materialize this
optimism. For the moment, though, we have to
agree with Redfield’s (1958) observation for an
earlier period, that “The line of advance in taxo-
nomic knowledge is held by a perilously thin force
of specialists.”

With growth and strengthemng of biclogical re-
search, has come increased usage of systematics
collections. Researchers in increasing humbers are
visiting the few systematics collections in their spe-
cialties. The number of loans of specimens similarly
has grown. Burgeoning collections and loan requests
are outstripping staff capabilities. Nearly every
major institution responsible for major systematics
collections is crowded, and space is inadequate for
effective research and efficient care of specimens.
A further depreciating factor is the prevalent short-
age of clerical and subprofcssional help, especially
in institutions having ambitious systematic pro-
grams and limited finances (Schmitt, 1953). It is
thus no surprise that systematics collections are
deteriorating. To all of this must be added the factor
of inflation which results in lowered income.

Summary.—Even though requirements for iden-
tification of estuarine and coastal organisms have
greatly accelerated, present trends in systernatlcs
appear bleak indeed. .

Relative to the population growth of the country,
(a) there are: fewer highly trained- systematists;
(b) there is a significant decline in the number of

-practicmg taxonomists (Higgins, 1974); (c) there

is less finanecial support for them and for systematic
activities in all institutions; (d) there are fewer
positions and (e) training opportunities and (f)
there is a scarcity of journals in Which to pubhsh
(Gosline, 1974).

It is increasingly difficult to have orgamsmq iden-
tified; capablé systematists are so much in demand
that they give service only to a selected few, gener-
ally with preference to those who furnish specimens
which remain in their collections or new species
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that are to be described (Allen, 1974; Tarzwell,
1974).

The fate of biological collections in colleges and
universities depends to a deplorable extent upon the
research emphasis of the moment. As responsible
personnel move to other institutions, collections are
left in grave danger, or they are turned over to the
large museums and herbaria of the country. These
changes invariably occur without increase of their
supportive resources. As a consequence these large
institutions are increasingly charged with carrying
out and supporting systematic biology. At least one
danger of this trend is the weakening of instruction
in systematic biology and.thus the balanced and
orderly development of the science of biology itself
(Schmidt, 1952). oo

Progress has been made in some aspects of sys-
tematics, but serious setbacks have occurred in
others. For example, there bas been increased empha-
sis on the taxonomy of both phytoplankton (espe-
cially nanoplankton) and zooplankton (especially
larval forms and their developmental stages), but
the systematics of nematodes which appear to be
the most abundant of the metazoans and are prob-
ably the most diverse in number of species, has
hardly progressed from the status of 19th century
science ( Murphy, 1974).

There is a definite, healthy trend toward nu-
merical taxonomy and phenetics to define species
assemblages, but a marked increase in casual iden-
tifications in applied systematics often by ecologists
engaged in biomass and community structural stud-
ies (\/I Abbott, 1974)..

finally, Steere (1971), writing about 1nst1tut10ns
which house biological systematies collections, re-
ports that in the previous three years, operating
expenses almost doubled, and endowment returns
and contributions halved. Predictably this has led
to substandard salaries, deterioration of personnel
strength (because of unchanged staff size in the
face of swelling collections and increased demands
for service), reduction of activities, and deferral of
expansion. This situation is totally unacceptable
if modern biology is to develop in these institutions
and they are to fulfill their service roles in apphed
systematics!

Water Quallty Leglslatlon
and Systematics

. Water quality legislation assures ‘“the.protection
and propagation.of a balanced, indigenous popula~
tion of shellfish, fish, and wildlife” in any body of
water into which, for example, thermal discharge

is to be made (Federal Water Pollution Control
Act, Amendments of 1972, Public Law 92-500, Sec-
tlon 316(a); see also Sectlon 102(a) and Hedgpeth,

1973). The legislation.implies the need for identifi-.
cation and classification of organisms, both target
and non-target species, involved in analysis of the
biological impact of pollutants. By way of example,

consider the voluminous reports which have ap-
peared on such subjects as ecological effects of pesti-
cides on non-target species (Pimentel, 1971) and
data on water quality criteria (Batelle 1971; NAS-
NAE, 1972). As of this date, however, this emphas1s
of the federal legislation has not, resulted in con-
spicuous financial support for systematlc work on
any of the important taxa.

It is certain that requjrements for 1dent1ﬁcatlon
of biota will not only continue, but will increase,
because of the escalating concern of many agencies
and the public with problems and issues of environ-~
mental quality. Emphasis at the moment reflects
needs anticipated and created by the energy crisis.
Other issues concern mercury, lead, asbestos, PCB’s,
NTA, and oil spills (for example, see Eisler, 1973).
It is certain new concerns will emerge in the future.
Specimens in museums, herbaria, and live culture
collections, and those made to meet immediate
needs, Wlll continue to prowde baseline data prior
to and following environmental alterations (Allen,
1974), Organisms involved must thus be correctly
identified; if not, costly mistakes can occur. It is
consequen,tly Wlth dismay  that one reads: “The
taxonomic. level to which animals are identified
depends on, the needs, experience, and available
resources’’ . (Weber, 1973).

Adequate - environmental assessment cannot be
obtained without -the resources of systematics col-
lections. The Environmental Protection Agency has
made a preliminary effort to contribute toward im-
proving the quality of data upon which environ-
mental decisions are based (see, for example, the
identification manuals of Correll and Correll (1972)
and the Smithsonian Institution (1972-1973)), but
unfortunately these efforts are giving way increas-
ingly to mission-oriented and mandated activities
(Allen, 1974), Also note that monitoring of biota
was ‘demanded in licensing by the. Atomic Energy
Commission,:but there has been no. visible increase
in the demand for systematists resulting from these
requirements- (Higgins, 1974). ,

-Man is-an organism, of course, but since he does
not generally submit to being used as a barometer
of environmental conditions, he delegates this re-
sponsibility to other forms of life. This is a We_lghty
responsibility and necessitates that the taxonomic
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position of his substitutes be solidly established for
purposes of comparison and predietion!

CONCERNS AND CONCLUSIONS

Basic and applied environmental research and its
application to such practical problems as pollution,
have grown far more rapidly than the supporting
base of systematic biology. As a consequence of this
defieit and the conditions desecribed in this paper,
systematists find themselves in a paradoxical quag-
mire. Thus, though willing, they are unable ade-
quately to fill the needs of environmental biologists,
pollution scientists, and others for systematic serv-
ices. The concerns may be summarized as follows:

1) There is an increasing shortage of systematists
to handle and supervise identifications and classifi-
cations; as a consequence, more and more inade-
quately trained persons are performing this service;

2) There is an insufficient number of systematists
to conduct the basic research necessary to produce
the systematic tools required in applied systematic
biology; ‘

3) Identification and classification aids are inade-
quate or insufficient for most taxa, and are entirely
missing for others;

4) The number of taxonomically well-trained
technicians to relieve systematists of the work of
routine identification is grossly insufficient;

5) Compensation to systematic specialists for
taxonomiec services is generally nonexistent, a lack
foreign to professional services in other scientific
and engineering fields;

6) There is a total absence of current directories
of systematic specialists, identification service cen-
ters, identification aids, and a national computerized
storage-retrieval system for the systematic resources
of the nation;

7) Both young and experienced systematists find
it increasingly difficult to obtain positions in their
fields of specialization;

8) Young people are unable to obtain training in
systematics in most colleges and universities where
the field receives decreasing emphasis and support;

9) Valuable representative collections from envi-
ronmental studies are discarded or lost, and no
voucher specimens are reposited in museums and
herbaria for future reference;

10) Environmental agencies have paid lip service
to the importance of systematics in environmental
work, but have not provided the financial support
necessary to help prepare systematics more effec-
tively for this role;

11) Most museums, herbaria, and living collec-

tions receive inadequate financial support and are
understaffed, with the result that systematics col-
lections are receiving insufficient care, are deteriorat-
ing, and the serviee function is suffering—the prob-
lem being seriously compounded by inflation.

The most pressing systematic service needs at the
moment are (a) well trained technicians, (b) sys-
tematists with the time to supervise them, (c) iden-
tification aids, and (d) funds to help systematists
carry out their functions and elevate systematic
biology to the position where it can more effectively
contribute to science and to society.

Tt is imperative that everything possible be done,
not only to conserve the human and material system-
atic resources already existing, but also to support
and encourage further development of these re-
sourees in a hospitable elimate, appreciatively recog-
nizing the economic and intrinsic worth of their
contributions. The tasks facing systematists are
unquestionably monumental and long-term.

RECOMMENDATICONS

The following recommendations are offered to
maximize the service role of bioclogical systematics
in the assessment of the effects of pollution on the
biological utilization of estuaries and coastal waters
in the United States:

(1) A major, national, coherent force working in
behalf of systematics in the country is the Associa-
tion for Systematics Collections. The ASC estimates
that it will cost $63.3 million in the next five years
to effect its national plan for the conservation and
development of systematics collections as a national
resource and service (Irwin et al., 1973). The various
councils of the ASC are now preparing proposals
for financial support to carry out the plan. We urge
federal and private agencies to look with favor on
these proposals. A unique feature of the ASC plan
is its integrated national character, a necessary
attribute to provide systematic services in any estu-
ary or coastal area in the country. Support must
go to aid in the development of aspeets of the plan
as a whole, rather than for parochial units of re-
stricted regional interest. In view of the increasing
number of persons who are making professional
identifications without the advantage of adequate
training, we further urge the ASC to establish a
roster of persons qualified to make service identifica-
tions in the various groups of organisms. _

(2) In the face of growing, critical, environmental
problems in estuaries and coastal waters, institu-
tions and agencies will accelerate their search for
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financial support through grants and contracts to
attack these problems. In the interest of aiding the
service aspeets of systematics, we urge funding
agencies to look favorably upon requests involving:
(a) compensation to systematic specialists in the
private sector for identifications and confirmation
of identifications; (b) proper curation of biological
research collections resulting from environmental
and other broad investigations to serve as voucher
specimens; (e) services for taxonomically trained
assistants; (d) enlargement of identification service
centers in museums and universities, including train-
ing of taxonomic technicians to handle specimens
from major pollutional surveys; (e) fellowships for
advanced training at those major museums and uni-
versities having faculties in evolutionary biology,
in combination with ecology, comparative physi-
ology, or other organismic biology; (f) support of
systematists in governmental agencies and elsewhere
dealing with whole organisms, giving them time to
develop their systematic specialties ard to contrib-
ute to the upgrading of practical systematies through
the preparation of basic and applied systematie
resources. '

(3) A serious void in identification publications
is comprehensive illustrated identification manuals.
Accordingly, we urge funding of a comprehensive,
illustrated, coastal flora and fauna series for each
major coastal region of the United States which
would invite the talents of the community of sys-
tematists in the preparation of each series. A mini-
mum of $25,000 will be needed per year for each of
the three series already in progress on the east coast,
and at least similar amounts will be necessary for a
new series for the gulf coast, and another for the
west coast—a total of $725,000 for the first five
years.

(4) A number of persons of considerable compe-
tence as systematists, many at the doctoral level,
unable to obtain positions either in museums or in
universities, are now supervising environmental de-
partments of engineering and power companies.
Their training as systematists has thus been a waste
to society. We endorse Hedgpeth’s (1975) recom-
mendation that each power and engineering com-
pany hire a systematist specializing in a different
taxonomic group to provide identification service for
a reasonably natural geographic region. Thus on
the Pacific coast one power company might provide
service for polychaetes, another for crustaceans, and
so on. Nominal fees should be charged for the
service.

(5) A major long-term research effort, to be meas-
ured in decades, is still required before the full
extent to which systematic knowledge can signifi-

cantly aid in the identification and control of pollu-
tion is known. Moreover, completion of the task of
identifieationn of most undescribed species will re-
quire several more generations. We thus urge that
adequate support for systematics be sustained for
many years to come, allowing the maximum return
on the investment in terms of basic systematic
knowledge and taxonomic services.
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BACTERIA AND VIRUSES —INDICATORS
OF UNNATURAL ENVIRONMENTAL

CHANGES OCCURRING IN
THE NATION'S ESTUARIES

DR. RITA R. COLWELL
University of Maryland
College Park, Maryland

ABSTRACT

Microorganisms are useful indicators of alterations in the natural environment. As presently
employed, however, “indicator organisms™ such as fecal coliforms and total coliforms have severe
limitations, Other organisms have been proposed in recent years as potential indicator organisms,
viz., streptococci, clostridia, and pseudomonads. The indicator organism concept is reviewed
and recommendations for future studies are made. In particular, detection, isolation, and identi-
fieation of viruses, effects of pollutants on the natural microbial flora, and reevaluation of microbial

indicators are critical areas requiring research.

INTRODUCTION

The bacteria, yeasts, and fungi naturally present
in waters and sediments play an essential role in
the mineralization and cycling of nutrients necessary
for normal plant and animal growth. A variety of
microorganisms may appear in given ecosystems
from time to time because of the ubiquity of many
bacterial species; in general, the normal flora of the
aquatic habitat is distinguishable from bacteria asso-
ciated with warm-blooded animals and man. More-
over, the numbers and types of bacteria present in
the natural habitat are generally in balance so that
conditions are stable within recognizable, normal
levels. When abnormal conditions occur, changes
in the microbial populations will ensue. For exam-
ple, with pollution from domestic or farm animals,
influx from wastewater treatment plants, and so
forth, the number of bacteria of animal or human
origin increases. Hence, a- hazard to man may
develop.

Estuarine eutrophication and coastal pollution
pose increasingly serious environmental problems,
Nutrient loads in estuaries are based on watershed
characteristics, influent stream concentrations, and
overall watershed management policies. The role of
microorganisms, in particular the bacteria, is to
break down the dead organic material and wastes
s0 that organic nutrients necessary for plant growth
are provided and organic wastes are removed by
mineralization. Thus, the role of the bacteria, yeasts,
and fungi, is, simply stated, to keep the wheel of
nature turning by recycling complex organic and
inorganic materials. Nutrients, in moderation and

in proper balance, permit normal algal productivity
which, in turn, supports animal life.

Changes in environmental conditions may cause
more subtle effects on the normal mierobial flora,
leading to such conditions as increased disease in
many resident fish species or unpleasant anoxic con-
ditions arising from hydrogen sulfide production.

INDICATOR ORGANISMS

In the case of microorganisms, indicators are usu-
ally considered in relation to human health risk.
The most common forms of water-borne human

. disease are caused by bacteria excreted from the

intestines of man and warm-blooded animals. Fecal
contamiration is recognized as dangerous. However,
pathogens normally are present in small numbers
and are difficult to culture and identify. Thus, the
more easily identified organisms that are commonly
and specifically present in feces serve as indicator
organisms. The most widely used are the so-ealled
coliform bacteria, with Escherichia coli or the less
specifically fecal coliforms being tested for in most
cases.

Thus, for well over a hundred years, bacteria
have been used as indicators of unnatural or un-
desirable environmental conditions, mainly as indi-
cators of human health hazards, i.e., warning signs
that potential human pathogens may be present.
In 1885 KEscherich described the bacterial species
he believed to be characteristic of human feces and,
therefore, an indieator of fecal pollution. The bac-
terial species of Escherich is now classified in the
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Escherichia-Enterobacter group and comprises, with
other species, the complex now referred to as the
coliform group. These organisms are to this day the
indieator microorganisms employed by authorities
in determining rate and extent of pollutlon from
domestic sewage.

Kijkman, in his studies carrled out over 70 years
ago, recommended an elevated temperature incuba-
tion test that gave a positive reaction with fecal
coliform organisms and a negative reaction with
those of non-fecal origin (Eijkman, 1904). The
Eijkman test procedure is the basis of the EC test,
which is widely used to detect fecal coliforms. Un-
fortunately, no test is available for differentiating
coliforms of human versus animal origin. The
Eijkman test, however, does indicate fecal coli-
forms. The generally accepted principle is that the
presence of fecal coliforms indicates the potential
presence of disease-produeing microbes (Kabler et
al., 1964).

Present methods depend on enumeration of lactose-
fermenting bacteria by an MPN procedure and fur-
ther biochemical testing to establish whether these
organisms are coliforms, fecal coliforms, or E. cofi.
General standards have been developed to relate
the quantitative occurrence of these various types
to presumed acceptable or unacceptable levels of
fecal contamination (Hoskins, 1934; Geldreich et
al;, 1962).

Streptococcus spp. known as enterococei oeeur in
the gut of warm-blooded animals and man. Studies
of streptoeocel in water and sewage have shown that
these organisms can serve as indicators of fecal pol-
lution. The sanitary significance of fecal streptococel
has been clarified and these bacteria can now be
efficiently and accurately enumerated in water sam-
ples. All of the species or types of fecal streptococci
found in feces of human beings and animals can be
isolated from sewage and water contaminated with
sewage, including estuarine and coastal waters
(Bartley and Slanetz, 1960). A definite relationship
between the densities of coliform bacteria and en-
terococei in sewage has long been known (Lifsky
et al., 1953). In fact, an increase in the coliform
index is generally followed by a predictable increase
in the enterococcus index, with a direct relstionship
between the numbers of coliform bacteria and en-
terococei. Unfortunately, enterococei are found else-
where in nature, occurring on plants, in dairy
products, and so forth, so that sources of these
microorganisms must be carefully serutinized at each
time of assessment (Mundt, 1964; Geldreich et al.,
1964). Because of their resistance to adverse condi-
tions, enterococci are fairly widespread. Therefore,
one must expect, and deal with, higher ‘“natural”

levels. The isolation of enterococei from nature has
been enhanced by improved methods and media for
isolation. For example, azide dextrose broth, used
as a presumptive test, and ethyl violet azide broth,
a confirmation test, permit two to three orders of
magnitude improvement in the isolation and iden-
tification of enterococei (Litsky et al., 1955). '

A variety of pathogenic microorganisms may be
present in the feces of warm-blooded animals, viz.,
Brucella, Salmonella, Shigella spp., Mycobacterium
tuberculosts, Pasteurella, Leptospira, Vibrio cholerae,

Entamoeba histolytica, and various enteric viruses.

Most of these genera noted are present in the feces
of diseased animals. Hence, the main factor involved
is the occurrence in a population and shedding of
the microorganisms into water via feces. Thus, the
density of pathogens in the aqueous environment is
affected by a variety of factors: (a) type and degree
of sewage treatment; (b) ability of microorganisms
to survive the effects of antibiosis, predation, and
chemical nature of the water; (¢) dietary habits
and socio-economic status of the community; (d)
the prevalence of specific disease in the community;
(e) endemic conditions in the human and animal
population; and (f) existent carrier rates in the pop-
ulation (Brezenski and Russomanno, 1969). There-
fore, the introduction of specific pathogens via
sewage or runoff into estuaries and coastal waters
is not constant, but rather tends to be intermittent.
With the uneven microorganism distribution in
water, coupled with effects of dilution and environ-
mental parameters, such as temperature and salinity,
the density and distribution of pathogenic miero-
organisms has resulted in the search for indieator
organisms, as opposed to looking for the individual
pathogen. More accurate and simplified techniques
for the isolation of Salmonelle have been developed
in recent years so that confirmation of Salmonella
can be achieved (Cheng et al., 1971). Despite the
fact that detection methods for Salmonella have
been improved, they are still likely to be missed.
Where the bacteriological quality of the water is
poor, fecal coliforms and salmonellae can be isolated.
Often in estuaries and coastal waters, wild fowl
will contribute to the salmonellae population load
(Strobel, 1968). Salmonella, in recent years, have
been directly isolated from polluted tidal estuaries,
but at low percentage recovery, i.e., 1 to 200 fecal
coliforms (Brezenski and Russomanno, 1969). Ne-
vertheless, the prevalence of Salmonellac is greater
than previously thought to be. Factors, such as
salinity, temperature, and others associated with
the saline envifonment cannot be depended upon
to eliminate such pathogens. Greater survival of
salmonellae and fecal coliforms in shellfish, when



RESEARCH APPLICATIONS 509

the water temperature reaches below 5°C, has been
observed by several workers. Clearly, isolation of
salmonella from a polluted marine environment has
been improved by application of better techniques
and enrichment media (Grunnet et al., 1970). How-
ever, these pathogens, because of the complexity of
the methods required for isolation and identifica-
tion, are not ordinarily searched for in an analysis
of water quality.

More recently the anaerobie bacterla, i.e., the
Clostridium spp., the acid-fast bacteria, i.e., Myco-
bacterium spp., and yedsts have been suggested as
indicators of sewage pollution. Selective procedures
for these organisms are now being developed. Rapid
isolation procedures are not yet available. The major
Clostridium species in polluted marine sediments
have been shown to be Cl perfringens, Cl. bifer-
mentans and Cl. novyi, these representing 58 percent
of the population and reflecting the representation
of Clostridial spp. in sewage (Matches et al., 1974).
Cl. perfringens, because it is more sewage related,
appears to be of useful sanitary significance in cases
of hlgh pollution levels. Similarly, the densities of
yeasts in sewage and in polluted waters have been
shown to be high, with Candida tropicalis, Tricho-
sporon cutaneous, and Rhodotorula spp. potentially
serving as useful indicator organisms. In fact, the
pathogenic yeast, Candida albicans, has been shown
to be a good indicator of recent human sewage
pollution (Ahearne, 1973).

Clearly, bacteria and viruses serve as 1nd10ators
of health in estuaries and coastal waters. Many
studies over the years have shown that under
natural conditions, i.e., in areas untouched by the
activities of man, a relatively stable total microbial
population occurs in water and sediment. Under
_conditions of imbalance, microorganisms will achieve
very high total numbers and frequently under such
conditions will eause foul odors, unaceceptable bottom
or sediment conditions, slimes fouling fish nets and
floating objects, and depletion of dissolved oxygen
in the water, thereby affecting fish and other orga-~
nisms. In balance, microbial populations perform a
necessary function in estuaries and coastal waters.
Qut of balance, the viruses, bacteria, yeasts, and
fungi become nuisances and threaten the health of
humans and of desirable plants and animals. ’

Microbial quality changes in estuarine and coastal
ecosystems may prove to be valuable indieators or
“early warning systems.” However, in the case of
ecosystem components, such baeterial groups as the
sulfur bacteria, iron bacteria, blue.green algae, and
so forth, have not yet been sufficiently studied to
be easily isolated and identified. Hence, their use
as indicator organisms is limited, particularly since

ecosystem monitoring on a long-term basis, which
would help to clarify the role of these organisms, is
lacking.

Improved Detection of
Indicator Orgahisms

Detection of. indicator organisms has improved

considerably in recent years with the application of
methods such as membrane filters (American Public
Health Association, 1971; Presswood and Brown,
1973) and development of :techniques employing
nonfluorescing membrane filters and specific fluo-
resceinisothiocyanate-labeled anfiserum = (Guthrie
and Reeder, 1969). Fluorescent antibody methods
for detection of Streptococcus faecalis, Escherichia
coli and Salmonelle spp. are now available, improv-
ing speed for processing samples over conventional
water quality tests, without loss of reliability (Ab-
shire and Guthrie, 1972).
- In the case of the fluorescent antibody, techniques
pertaining to the pathogens are more advanced than
for the indicator bacteria, although fluorescent anti-
body methods for the detection of fecal streptococei
have been developed. Recent work has demonstrated
the applicability of the fluorescent antibody tech-
nique employing commercially available antisera
(Pugsley and Evison, 1974). This, no doubt, will
usher in 3 new era for the use of fecal streptocoeei
in conjunction with other indicator organisms.

Problems with the
Indicator Organism Concept

Confidence has been decreasing in the significance
of the coliform group as an indicator of fecal pollu-
tion. In recently reported epidemics, pathogens have
been isolated from waters which, based on coliform
standards, should have been safe. Salmonellae have
been isolated from water supplies containing less
than 2.2 coliforms per 100 ml. A number of such
incidences where Salmonella and enteric viruses
have been isolated from waters containing few de-
tectable fecal coliforms have been documented
(Bonde, 1974; Dutka, 1973; Fugate et al., 1975).
The ability of coliforms to multiply in nutrient en-
riched receiving waters has been observed. The
sanitary significance of fecal coliforms in the en-
vironment has been considered by a number of inves-
tigators (Geldreich, 1966). Convincing evidence has
been presented, showing that viruses are more re-
sistant to chlorination than bacteria. Rates of growth
and die-off of both S. typhimurium and coliform
organisms have been found to be different under
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varying environmental conditions. Furthermore,
conditions causing large reductions in coliforms do
not always show correspondingly reduced numbers
of Salmonella (Dutka, 1973). ,

The shortcomings of the coliform group as an
indicator of pollution have led to the increased de-
sirability of employing the streptococei as indicators
of recent and dangerous pollution. The fecal strepto-
cocci rarely multiply in water, as some of the coli-
forms have been found to do. Thus_ they offer some
advantages as indicators of recent fecal pollution.
Also, it has been suggested that domestic sewage
pollution can be differentiated from animal wastes,
land runoff, and storm water pollution by fecal
coliform-feeal streptococcus ratios (Geldreich, 1972).

In general, the fecal streptococei are more resist-
ant to the natural water environment and to purifi-
cation processes than the coliforms or fecal eoliforms.
At points distant from the original source of pol-
lution, the fecal streptococci are often the only
indicators of the fecal nature of the pollution.
Studies have shown that the survival of fecal strep-
tococei parallel the survival of enteric viruses better
than the coliforms (Cohen and Shuval, 1973). It
has been suggested by some workers that the fecal
streptococei may, in some cases, provide a better
estimate of the probable virus content (Cohen and
Shuval, 1973).

Dissatisfaction with the fecal coliform and fecal
streptococei has led to a search for other, better
indieators. Coliphages (bacterial viruses) have been
suggested as indicators of sewage pollution. How-
ever, no consistent relationship is observed between
coliform and coliphage levels (Hilton and Stotzky,
1973). Although the complexity of the bacteriophage
method and time required before final results are
available discount their use as indicators of fecal
pollution of water, bacteriophages can serve well
as models for detection of enterie viral pollution of
water and in epidemiological applications (Scarpino,
1974).

Pseudomonas aeruginosa is slowly galmng favor
as an indicator of water quality, especially as an
indicator of potential upper respiratory tract infee-
tions (Foster et al., 1971; Kenner and Clark, 1974).

Relatively recent approaches to estimating bac-
terial quality of water are uptake of phosphorus,
using radioactive phosphorous (Khanna, 1973), and
assay for fecal sterols for water pollution indication.
The intestinal bacterial flora is associated with pro-
duction of characteristic fecal sterols discharged in
feces (Martin et al., 1973). Fecal compounds, in par-
ticular coprostanol and cholesterol, thus, have been
examined and a coliform-coprostanol relationship
has been reported. However, a consistency in the

relationships from the data presently available has
not been observed (Dutka, Chan and Coburn, un-
published data). Fecal sterols may well prove useful
in the future as pollution indicators, but the method
will require substantial developmental research be-
fore proper evaluation and application are possible;

Natural Estuarine
Microbial Communities

Microorganisms autochthonous to a given estua-
rine system play a fundamental role in mineralization
and cyecling of nutrients. Estimation of the mierobial
biomass comprising the natural flora of estuaries can
be aceomplished by direct counts‘and morphologieal
observations using acridine orange staining and epi-
fluorescence illumination of ‘the bacteria collected
on non-fluorescent membrane filters. Measurement
of the activity of microbial populations directly in
the environment can also be accomplished using
methods sueh as uptake rates of radioactively-
labeled organic substrates (Wright, 1973): The use
of ATP to measure standing crops of microorganisms
is widely accepted (Holm—Ha,nsen 1969) and the
ATP method offers promise as an mdlcator of
microbial activity.

The role of bacteria in the detrivore food chain
is only beginning to be understood (Hamilton, 1973;
Rosswall, 1973). Effects of pollutants on these
natural processes require extensive study since very
little information, relatively speaking, is presently
available.

Deterioration of Coastal
and Estuarine Waters

Many studies have shown that caliform bacteria
introduced into tidal, coastal, and deep sea waters
disappear rapidly. A large number and variety of
factors have been shown to be involved in the die-off
of coliforms, especially Escherichia coli, in seawater.
Dilution, bactenoeldal action of seawater grazing
by zooplankton, adsorption on estuarine and coastal
sediments (Ketchum et al., 1952}, salinity, effect
of heavy metals in seawater (Jones, 1963; 1971),
lysis of coliforms by indigenous marine bacteria
such as Bdellovibrio spp., and bacteriophages (Mit-
chell et al., 1967; Carlucei and Pramer, 1960), low
nutrient levels in seawater (Jannasch, 1968), day-
light (Pike et al., 1970) and temperature have been
offered as explanation for the die-off of E. colZ in
seawater and for the absence of fecal coliforms in
ocean locations far from land. Nutrients have a
marked beneficial effect on the survival of E. cols
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in seawater. Some nutrients, such as- cysteine very
likely act by  chelating metal ions in seawater
(Searpino and Pramer, 1962).

Furthermore, above certain BOD levels, viz. 1-10
mg/1 initial 'BOD, seawater will temporarily lose its
toxicity and the maximum bacterial density becomes
dependent on the initial BOD. In fresh seawater
with BOD levels of 10 to 120 mg/1, the relationship
between the log of the maximum bacterial densities
and the initial BOD appears to be linear. Thus, by
themselves, total and feeal coliform bacteria may
not be reliable indicators of the degree of recent
fecal pollution in seawater because, given sufficient
nutrient levels, the bacterial density will increase
(Savage and Hanes, 1971). Growth -of coliform
baecteria, isolated from soft-shelled clams, in estua-
rine water has been demonstrated (Lear, 1962). The
conclusion which ean be drawn from the data avail-
able is that the various factors in seawsater which,
under clean, unpolluted conditions, will act to elimi-
nate coliforms from estuarine and coastal waters
cannot be depended upon in waters receiving heavy
nutrient input: In fact, increases in coliform popula-~
tions will oceur and it is possible that survival of
pathogens may be enhanced.

A signal to this effect is the relative ease with
which antibiotic-resistant coliforms can be isolated
from estuaries and coastal waters (Colwell and
Sizemore, 1974; Feary et al., 1972). Many of these
bacteria have been shown to harbor R factors carry-
ing multiple antibiotic resistance which could be
transferred to sensitive Salmonella typhimurium,
Shigella dysenteriae, and E. coli. Of serious concern
is the fact that these bacteria are isolated from shell-
fish waters. Furthermore, chloramphenicol-resistant
bacteria of fecal origin may pose a particular health
hazard, with reference to R factors which carry re-
sistance determinants to chloramphenicol. Transfer
of chloramphenicol resistance to Salmonella typhi, a
water-borne organism, or to Vibrio parahaemolyticus,
would make treatment of typhoid fever or V. para-
haemolyticus food poisoning more difficult. It would
appear, therefore, wise for sanitary quality measure-
ments of shellfish waters to include estimates of
chloramphenicol-resistant fecal coliforms. An impor-
tant conclusion of the work on antibiotic-resistant
types found in rivers, estuaries, and coastal waters
is that the R 4+ E. coli comes from urban sewage
(Smith, 1970).

The coincidence of infectious disease in fishes
with stress caused by tempeérature, eutrophication,
sewage, industrial pollution, and pesticides has been
documented (Snieszko, 1974). Estuaries and coastal
areas affected by pollution expose the fish in these
areas to frequent stresses, i.e., unfavorable or fluctu~

ating water chemistry, organic pollutants, and so on
(Wedemyer and Wood, 1974). If the occurrence of
stress coincides with the presence of pathogenic
microorganisms, outbreaks of disease will oceur. In-
terestingly, in treated sewage the number of coli-
forms is reduced, but in the bacterial population, the
coliforms appear to be replaced by Aeromonas which
multiply in the slime lining of the pipes earrying
the sewage (Heuschrnann—Brunner 1970). The
quantity of Aeromonas in water can be related to
the degree of pollution. Many Aeromonas, Pseudo-
monas, and Vibrio species are bacterial ﬁsh patho-
gens. Marine fishes in areas exposed to pollution
have been reported to show exophthalmus, open
external sores, epitheliomas, and papillomas. In
fishes experlmentally exposed to the polluted water,
skin hemorrhages, opaqueness of eyes, and blindness
were observed. In terminal stages fluid accumulated
in the body cavity and internal hemorrhaging oc-
curred.' Aeromonas, Pseudomonas and Vibrio were
isolated from the diseased fishes. All strains isolated
from marine fishes were halophilic (Snieszko, 1974).
The conclusion, therefore, is that there is a relation-
ship between incidence of disease in fish populations
and pollution of estuarine and coastal waters with
domestic and industrial sewage. A Weakening of the
fish, with subsequent invasion by microorganisms,
causing disease and/or death, appears to be related
to pollution. Unfortunately, in several incidences,
widespread distribution and prevalence of Aero-
monas spp. was noted with a general lack of coliforms
and other sewage-related organisms. Recovery of
“almost pure cultures of Aeromonas spp.” from the
effluent of sewage-treatment plants has been ob-
served, particularly in estuarine water (Snieszko,
1974). It ean only be concluded that the incidence
of diseases of aquatic animals in which Aeromonas
plays an important role will increase. The additional
factors of low dissolved oxygen, high temperature,
and pollution by chemicals, such as pesticides, pe-
troleum, and heavy metals, must contribute to out-
breaks of infectious diseases of aquatic animals. In
fact, fishes although long considered important ani-
mals for assaying water pollution are becoming
valuable indicators of the environmental health of
bodies of water. The Chesapeake Bay is highly pol-
luted by every type of waste. Some of the waste
causes eutrophication, with increase of bacteria and
algae and oxygen depletion Fish kills are a frequent
occurrence, partlcularly in summer months. Epi-
demics causing massive mortalities of fish in Chesa-
peake Bay have been recorded (Snieszko, 1974).
Deterioration of estuarine and coastal waters can
be detected in increased nutrient input, with con-
comitant rise in indicator or noxious microorganisms,
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and in increased prevalence of disease among compo-
nents of the natural biota, especially the commer01a1
fishes:

PROBLEM AREAS
Indicator Organisms

The value of the coliform test as the principal
microbiological criterion for sanitary quality of estu-
arine and coastal waters is a controversial issue.
E. coli (Type I) appears to be the most reliable
indicator of fresh fecal pollution, rather than:total
coliforms. It is questionable whether colifornds can
be regarded as true indicators of fecal pollutlon at
all (Bonde, 1974).:

Results obtained from Most Probable Numbers
{(MPN) measurements have not been sufficiently
examined to determine the variability of MPN data.
Results obtained from the same area at short inter-
vals of time, i.e.,-hours, need to be examined criti-
cally. If such results are extremely variable, the
value of monitoring MPN on daﬂy or weekly inter-
vals is hlghly doubtful.

 There is no single test for the cohforms Since
most of the E. coli strains ferment lactose, with
production of acid and gas, this characteristic is
useful in presumptive, quantitative determinations.
Unfortunately, recent work in microbial genetics has
shown that not all strains of E. colz are able to
ferment lactose. Furthermore, this characteristic is
not restricted to E. coli and may be found in other
related bacteria often present in polluted waters.
Hence, false presumptive tests are not infrequent.
Another difficulty is that coliforms may be affected
by their stay in water or sediment and may grow
slowly or even lose some of their “typical”’ character-
isties; hence, difficulties in isolation, identification,
and enumeration are encountered. -

Relatively high oceurrence of “false-positives” in
MPN estimates of -fecal streptococel in estuarine
and marine waters has been reported (Buck, 1969).
In heavily polluted marine waters, false-positives
are not g problem. Mainly .in estuarine or marine
waters of low or varying salinity, all positive tubes
need to be examined microscopically for the pres-
ence of nonstreptococeal forms. In fact, an indige-
nous population of false-positive microorganisms
may exist in coastal waters.

Indicator microorganisms other than coliforms
also pose problems. Pseudomonas spp. are widely
distributed in nature. Determinations of P. aerugi-
nosa, 8 known pathogen for man and warm-blooded
animals, have been suggested for estuarine waters
where high water temperatures and available nutri-

ents can allow growth of this microorganism. Aero-
monas, fecal streptococci, Clostridium perfringens,
Bifidobacterium, Bacillus, Thiobacillus, and direct
demonstration of Salmonelia spp. have all been sug-
gested as indicator organisms. A conclusion that
can be drawn from the data available in the liter-
ature is that all of these indicators should be con-
sidered and that more than one indicator organism
should be examined. That is; two or more indicator
species should be enumerated to improve the reli-
ability of estimating pollution and/or human health
hazard.

Survival of pathogens and indicator organisms in
estuarine and marine water and sediment is an im-
portant problem. Fecal streptococei are supposed
to indicate recent fecal pollution and C1. perfringens,
because of its spore-forming capacity is considered
to be highly resistant, hence of longer survival in
nature. Coliforms and Salmonella typhi often survive
in sediment much longer than in the overlying water.
The distribution in mud reflects the effluent flow
pattern in the overlying water, with mugh higher
densities of coliforms found in mud. Salmonellae
can be isolated from bottom sediments with far
greater frequency than directly from the overlying
water (Van Donsel and Geldreich, 1971; Hendricks,
1971). However, it should be pointed out that the
mud-water interface is not a static system: Cur-
rents, storms, seasonal turnovers, and dredging op-
erations can shift sediment, scattering it widely.
Such redistribution creates the additional hazard of
recirculation of older pollutants in lower layers of
sediment. This, coupled with the fact that sediment
bacteria are.part of the diet of tubificid worms and
other sediment-residing biota, provides a mechanism
of concentration and transfer of coliforms and poten-
tial pathogens among the indigenous fauna (Wavre
and Brinkhurst, 1971). )

Survival of ‘fecal coliforms and feeal streptococcl
varies according to season. During the summer
months, fecal coliforms can survive slightly longer
than fecal streptocoeci. During the autumn months,
survival is about the same and in spring and winter,
fecal streptococei may survive much longer  than
fecal coliforms. Within bodies of water, thermal
transitional zones may create bacterial gradients,
especially along inshore areas, acting to confine
nutrients, bacteria, and nuisance algal growths: to
the nearshore area. One of the potential hazards of
such a thermal barrier, notably in estuaries, is that
effluents discharged into a nearshore area are not
diluted, as would oceur under normal conditions,
but are contained by the barrier effect of a thernial
bar (Ménon et al., 1971). Factors influencing the
survival of enteric indicator organisms have been
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summrized 1n 4 recent sympos1um (Gameson,
.19,74) ‘ ;

'Vlruses

Durmg the past decade ‘there has been WorldW1de
mterest and concern that sxgmﬁca,nt levels of viruses
are being transmitted through potable and recrea-
tional water. Conclusive evidence for the transmis-
sion -of enteric viruses via this route lies in out-
breaks of infectious hepatitis, where sanitary prac-
tice or water treatment has broken down or con-
taminated shellfish have been consumed (Berg,
1973). The opinion that viruses in -estuaries and
coastal waters pose a threat to human health can be
justified by the following facts: Most enteric viruses
are’ more resistant  than indicator bacteria to in-
“activation by water disinfectants. Infectivity tests
~have shown infection can be caused by one poho~
virus TCDso unit, (Berg, 1971).

A consistently high endemic level of ‘infectious
hepatitis  has occurred in the U.S. with the cen-
comitant knowledge - that the infectious hepatitis
agent is relatively résistant to inactivation in the
‘aquatic environment. Sporadic outbreaks of non-
bacterial  gastroenteritis suspeeted of being water-
borne ‘have oceurred, coupled with a most likely
high endemic level of the disease. Finally, surface-
water domestic pollution has increased to the point
“that direct recycling of wastewater and reclamation
of estuarine waters is very nearly a reality in the
case of some water systems (Akin et al., 1974).
Clearly, the danger of water transmission of enteric
viral disease is great enough to warrant the more
careful consideration viruses are now receiving.:

‘More than 100 new human enteric viruses have
been described in the 25 years since the advent .of
viral propagation techniques using tissue cultures
"(Scarpino, 1974). All of these enteric viruses are
known to 'be excreted in quantity in the feces of
man, including enteroviruses (poliovirus, coxsackie-
virus, and echovirus),: infectious hepatitis, - adeno-
viruses, and ‘reoviruses. :Viruses - do- not multiply
outside of living susceptiblé “cells; .hence, human
enteric viruses can be expected to decrease in num-
bers with time, even when nutrient levels are high.
However, the major question is how long will human
enteric viruses survive when discharged into estua-
‘ rine and coastal waters. The presence of enteric
. viruses in estuarine and ocean waters has been
amply documented (Metealf and Stiles, 1965, .1968;
Bhuval, 1970).. Survival of enteroviruses in the
marine environment has been demonstrated by a
“number_of investigators. Enteric virus survival in
estuary and ocean waters has beén shown to be

dependent upon temperature, biotic flora, degree of
pollution, and virus type (Metealf and Stiles, 1968).
A virucidal activity in seawater has been demon-
strated, but it may have only a minor role in inacti-
vating enteric viruses in estuarine and ocean wa-
ters.

* The importance of enteric viruses is not in their
numbers but in their infectivity (Scarpino, 1974).
One tissue-culture dose is.considered to constitute
an infectious dose, meaning that only a few virus
particles are needed to initiate:an. infection in a
suseeptible host. Thus, it has been necessary only

“to show the presence of viruses in water, with less

emphasis placed on quantitation. Since enteroviruses
of human origin in estuarine andcoastal waters
may remain infectious for a significant period of
time, depending on environmental factors, it has
been suggested that enteroviruses themselves may
serve as the most valid indicator of pollution. Polio-
virus and infectious hepatitis virus (hepatitis' A)
have both been suggested as indicator agents. Un-
fortunately, the data show that virus inactivation
or die-off in marine water is unpredictable. Marine
water with the same salinity collected from the same
site on different days may show wide variations in
viral survival patterns (Atkins et al., 1974).

Thus, the major effort, at present, in research on
water-borne viruses is in development of sensitive
methods for recovering viruses from marine waters
and for determining survival times of these viruses
in different types of water (Berg, 1974; Malina and
Bagik, 1974). Monitoring of estuarine and coastal
waters for enteric viruses will eventually be common-
place, For the present, routine monjtoring of potable
water and wastewater for enteric viruses is yet to
be accomplished on a large scale.

Methods available to detect viruses in water
are many and varied, including gauze pads for
pre-concentration <n situ; membrane filter adsorp-
tion; eleetrophoresis; ultrafiltration hydroextraction;
precipitation, adsorption-elution; separation with
two-phase polymers; soluble ultrafilter; and ultra-
centrifugation (Foliguet et al., 1973; Hill et al.,
1971). The main problem in virus isolation, namely,
the large volumes of water that must be examined
(up to 100 liters per sampling) appears to have been
overcome (Hill et al., 1972; Sobsey et al., 1973). A
virus concentration unit, designed by Melnick and
co-workers, is being used for virus monitoring in

¢ water supplies throughout the world. At the Inter-

national Conferenee on Viruses’and Water, Mexico
City, June 9-12, 1974, it was cléar that adequate
methods for concentrating large volumes of water
for enterovirus monitoring are now available.

In general, the methodology for isolation and
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characterization of indicator viruses is in the de-
velopmental stage. Perfecting these techniques is
the main concern of research work underway. Still
unknown is how widespread viruses are in estuaries
and coastal waters. Also, the incidence of viral dis-
eases transmitted via polluted estuarine and coastal
waters is not known. Some new methods for viral
detection may improve and speed up virus isolation
and charaecterization, viz., the use of Australian
antigen as a marker for hepatitis B virus. Australian
antigen has already been isolated from clams con-
taminated by untreated sewage from a coastal hos-
pital (Mahoney et al., 1974). Other such markers
may be discovered as research on the enteroviruses
progresses. Survival of viruses in estuarine and
coastal waters remains to be fully clarified. There
is no doubt but that research to answer these ques-
tions must be done.

Alteration of the
Natural Microbial Flora

An aspect of the ecology of estuarine and marine
waters, about which next to nothing is known, is
the alteration of the natural microbial flora induced
by introduction of pollutants. That bacterial species
in an estuary demonstrate seasonal cycles has been
shown (Kaneko and Colwell, 1972). It is logical to
assume that microorganisms associated with the
biota, water, and sediment of estuaries and coastal
waters are in a delicate balance.

Introduction of sewage, industrial wastes, or other
pollutants will first impact upon the microfiora. The
microbial response is very rapid, within hours or
days, at the most. A shifting of microbial species
and physiological types will occur in response to
the influx. Species selection will take place, as, for
example, the dominance of 4eromonas spp. in sewage
effluent. The effects of such shifts in the microbial
populations are completely unknown. Yet, they
may result in fish kills, clam mortalities, marsh grass
diseases, and noxious odors and appearance of the
receiving waters.

Microbial populations may well prove to be the
“fine-tuning”” mechanism of the estuarine and marine
ecosystem. However, not enough research is being
done to provide the necessary information. Since
new methods for automating microbial data collec-
tion and processing by computer have been devel-
oped (Oliver and Colwell, 1974), such questions are
no longer so overwhelmingly complex and, in faet,
can be answered, if the proper research effort is
provided.

Efforts of Specific Effluents
on Microbial Populations

Recent work has shown that in areas receiving
petroleum, pesticide, or heavy metal discharges, the
microbial flora contains significant petroleum-de-
grading, pesticide-metabolizing, or heavy-metal-
mobilizing bacteria (Walker and Colwell, 1973;
Nelson and Colwell, 1974). Similarly, in estuarine
and marine waters receiving sewage, pulp mill, or
canning wastes, the heterotrophic bacterial popula-
tions increase significantly. The point which can be
made is that these respondent bacterial species may
be usefully employed as markers or indicators of
such pollution. Little research effort has been
directed explicitly along this line. Tt is suggested that
such efforts may prove substantially rewdrding for
those concerned with chronie, low-leyel. environ-
mental impact, where the grosser symptoms of
environmental deterioration are not seen.-

Implicit in such an application is, however, that
extensive and relatively complete knowledge of the
natural microbial flora is available. Alas, this is
not so and, again, the plea which is now nearly a
cacophonic chorus, sung by botanists, zoologists,
limnologists, oceanographers, and, now, micro-
biologists, is that baseline studies must be done.
Numerous studies and countless analyses have been
discarded due to the lack of the necessary baseline
data. It is of great importance that the yardstick
for measurement is available and that yardstick is
baseline data. Unpolluted environments, as well as
polluted omnes, must be studied to determine the
natural balance of the autochthonous microbial
species, so that impaects of pollutants can be assessed.

Microbial species may act to concentrate such
pollutants as heavy metals, or serve to pass polluting
materials on through the food chain, especially in
the case of filter or detritus feeders and protozoans
(Wavre and Brinkhurst, 1971; Burke, Small, and
Colwell, in press).

EVALUATION OF PRESENT STATUS
AND RECENT ADVANCES

There have been improvements in the methods of
isolation and characterization of the indicator
organisms of human health significance, namely,
E. colz Type I, Salmonella, Enterococei, ‘Clostridia,
and Enteroviruses. However, the concept of a single
indicator organism as the measuring unit for the
health of an estuarine or coastal ecosystem is in
dispute. The indicator organisms are each subject to
the vagaries of environmental and biological param-~

H
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eters, so that consistent results in survival studies
are not always obtained.  Enteroviruses appear to
be the better indicators of human health hazard
but’ the technology of virus isolation- and char-
acterization is cumbersome and complex, too much
so for routine monitoring applications.

“Indicator organisms for messuring the health of

the ecosystem itself are not available although
biological assessment of water pollution has been
studied in Central Europe, comprising a saprobity
system (Bick, 1963). Estuarine and marine microbial
ecology, in fact, is still in its infancy, relative to
moleecular and medical microbiology. Understanding
of the role of microorganisms in the food chain is
sparse and unreliable, at best. Too few competent
e:;’periments have been done and much too little
information is available on this very important
aspect of the estuarine and marine ecosystem.
! Tt is obvious that microorganisms are expected to
degrade the pesticides, heavy metal compounds,
petroleum, and other pollutants entering the estuaries
and coastal waters. Yet, embarrassingly little is
known about the mineralization of these pollutants
#n sttu. It is not only the pollutants that are of great
concern, but the overall processes naturally occurring
in any body of water, as well as the processes that
occur when any perturbing force acts on the system.
Bodies of water are in constant flux. Clearly our
knowledge of processes mediated by microerganisms
is far too meager for appropriate management con-
siderations. Furthermore, the realization that miero-
organisms may actually concentrate ecarcinogens
in petroleum or convert relatively harmless
petroleum components to carcmogens is only just
now being percelved by both scientists and manage-
ment.

The improved methods for coliform, enterococei,
virus, Clostridia, and other microorganism isolation
and characterization are directly applicable for use in
the estuarine environment, The more recent work
on isolation of bacteria and viruses from estuarine
and coastal water provide improved methodology
useful in assessing the human health hazard extant
in the nation’s estuaries and eoastal waters.

The information now being obtained on mierobial
mobilization of heavy metals, pesticides, detergents,
petroleum, and other pollutants in estuaries and
coastal waters will permit better assessment of the
capability of such ecosystems to withstand the influx
of such pollutants. One regult may prove to be that
the scope and magnitude of pollutants now entering
certain of the nation’s estuaries and coastal water
regions are beyond the capacity of the indigenous
microbial populations to mineralize them; hence,

accumulations of residues of these pollutants may
be building up, especially in the sediments at these
sites.

FUTURE NEEDS

1. The indicator organism concept must be rewsed
For indications of pubhc health  dangers, combina-
tions of indicator organisms should be employed,
viz., fecal coliforms, enterococei and Clostridia, or
fecal coliforms and enteroviruses, and others. The
advantages and disadvantages of each indicator
organism should be determined so that they may be
applied more intelligently to environmental assess-
ment.

Additional indicator organisms must be sought
which will point to ecosystem alteration. These may
be sulfur bacteria, iron bacteria, Aeromonas spp., or
physiological groups, such as mercury-mobilizing
bacteria or detergent-degrading microorganisms.
Clearly, a need for ecosystem indicators is developing
rapidly as the demand for environmental impact
assessment increases.

Further research to determine the variability of
Most Probable Number (MPN) of coliforms must
be done. It is critical that the variability of this count
be determined, especially for given sites at short
intervals, i.e., hours, so that the value of monitoring
MPN on daily, weekly, or monthly bases can be
properly assessed.

2. Improved methods for virus isolation and
identification are needed. Also, an undérstanding of
virus survival in estuarine and coastal waters and
sediment is required. More ominous are the human
carcinogenic viruses. The presence, survival, and
distribution of these viruses in estuarine and coastal
waters must be assessed, particularly in those areas
recelving pollutants which can act as co-carcinogens.

3. The impact of pollutants on the biota of
estuaries and coastal waters must be determined.
Reports concerning diseases of fishes near sewer
outfalls and in the New York Bight area are dis-
turbing. The chronic effects of sewage and indus-
trial wastes on the mieroflora should be examined.

4. There is a serious lack of knowledge of the
microbial contributions to the estuarine and marine
ecosystems. The role of bacteria and other miero-
organisms in mineralization and cyeling of nutrients
is, at best, vaguely understood. A great deal of re-
search ‘work in both basic and applied mierobial
ecology is both necessary and urgent.

5. There is a genuine need for automation in our
warning system. The use of fluorescent antibody
lasers or other secanning deviees may provide auto-
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matic warning systems. With such systerns, bodles

of water may be studied around the clock so that
deviations from the normal will be immediately
detected. At the present time such deviations must
be excessively large to be detected. Also, present
methods require 24 hours minimum for detection.

Research must be done on the basic problems of
rates of function of microbes in natural water. Since
the rates of processes will affect the environment in
which indicator organisms reside, this aspect of
estuarine microbiology must receive proper . atten-
tion. The bulk of the literature on aquatlc systems
deals with detection of indicator organisms of various
types. Thus, the rafes of microbially catalyzed
processes involved in overall fluxes within aguatic
systems, with' time, have not been properly assessed.
Clearly, insight into the operations of natural sys-
tems, particularly rate processes, will provide the
predictive capability for eutrophication, i.e., estab-
lishment of systems that are undesirable for given
reasons, whether they be economic, aesthetic; or
ecological, Basic research, in this case, must precede
the application, simply because the basic informa-
tion is lacking. : :

RECOMMENDATIONS FOR ESTUARINE
MANAGEMENT AND MONITORING )

Unfortunately, the recommendations offered are
the obvious, namely, to restrict or thoroughly treat
domestic and industrial wastes entering the nation’s
estuaries. Increased nutrient loads are resulting in
alterations in the microbial flora, with dominance of
nuisanece or pathogenic species. Con‘urol of petroleum
discharge, as one example, into the estuarine en-
vironment is mandatory, if the commercial fisheries
and natural wetlands are to be preserved. ° .

Better control of land use, particularly retention of
marsh areas and wetlands, is required. The wetlands
may be the “natural septic system” of the estuaries
and wider oscillations in the microbial populations
may occur, if the natural “buffering effect’” of -the
wetland areas is not preserved.

Finally, better use must be made of mmroblal
indicators. They are, indeed, the “early-warning”
system of the estuarlne and coastal zones. More
intelligent use of microbial indicators and a wider
range of indicator organisms are needed. Early or
chronie environmental effects may be detectable, if
the microbial indicators are employed wisely and
carefully. The estuaries and coastal zones of the
nation are a valuable resource. It is both-appropriate
and timely that we harness the microorganisms.
They may well tell us more about the environment
than we had imagined to be possible.
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NATIONAL ESTUARINE
MONITORING PROGRAM

PHILIP A. BUTLER
U.S. Environmental Protection Agency
Gulf Breeze, Florida

" ABSTRACT

About 8,000 samples of estuarine molluscs were monitored for pesticide residues in the period
1965-1972. Residue trends and typical pollution situations are briefly described. Beginning in
1972, fish were substituted for molluscs. The basic needs for a continuing monitoring program

are deseribed. :

INTRODUCTION

The importance of estuaries as either temporary or
permanent homes for a majority of the commercially
important fish and shellfish led to numerous early
studies on man-induced changes that might affect the
viability of these essential ecosystems. Preeminent
among early studies were efforts to define the role of
persistent pesticides which could collect in or pass
through estuarine systems in surface runoff from
rivers to the sea. o

Concern about the potential threat of such pollu-
tants in the marine environment was heightened
by the occurrence of significant kills of fish and other
non-target organisms in rivers and tidal'marsh areas.
That such kills were primarily accidental did not
decrease the possibility that less obvious but not
necessarily less significant events might be taking
place as a result of chronic, low levels of pesticide
contamination in estuaries. It was not known to
what extent such contamination might follow the
use of registered synthetic chemicals for the control
of plant and animal pests in the surrounding drainage
basin. .

To assess the significance of persistent chemical
residues it has been necessary to monitor their exist-
ence, magnitude, and seasonality in the environ-
ment. These field data, however, are useful only to
the extent that the effects of these chemicals on the
most sensitive life stages of significant species in the
estuarine community are understood. Such informa-
tion must be gained under econtrolled laboratory con-
ditions and, regrettably, data of this type are still
mostly fragmentary.

MONITORING BIVALVE SHELLFISH

However, laboratory studies of the eastern oyster
and related molluscs had progressed by 1965 to the

point that estuarine molluses could be utilized as
biological tools to monitor levels of synthetic chlo-
rinated pesticides in the field (Butler, 1967). It was
recognized that residue data from field samples would
not be entirely comparable to data obtained in
laboratory exposure tests. Still, within certain limits,
field data would indicate the kinds of pollutants
present and whether the levels of contamination
posed a threat to the biota or to human health.

In July 1965, the Gulf Breeze Environmental
Research Laboratory, at the time part of Interior’s
Bureau of Commercial Fisheries, initiated a com-
prehensive estuarine monitoring program in coopera-
tion with other federal and state agencies in 15
coastal states.

Laboratory studies had shown that molluses
containing moderate pesticide residues were able to
eliminate them in about two weeks in the absence of
continuing pesticide pollution in their environment.
Consequéntly, the monitoring program was organ-
ized so as'to sample oyster, mussel, or clam popula-
tions, depending on species availability, at 30-day
intervals for a proposed 5-year period in each geo-
graphic area. Such a program could identify not
only seasonal pollutional patterns but also long-term
trends.

In the period 1965-72, approximately 8,000
samples were analyzed for chlorinated pesticides.
The data show that high levels of pesticide residues
occurred in molluses from estuaries associated with
intensive agriculture, with large volumes of munici-
pal waste discharge, and with industrial wastes from
pesticide manufacturing plants. In many areas,
there was good correlation between the fluctuating
levels of residues in molluses and the seasonal agri-
cultural use of pesticides.

The overall picture of pesticide pollution in the
nation’s estuaries as revealed by the monitoring
data was one of widespread contamination with
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DDT and its metabolites but at generally low (non-
toxic) levels. In a few areas DDT residues were
large enough to suggest damage to the fauna but at
no time was a human health problem indicated
(Butler, 1973).

DDT residues in estuarine molluscs peaked in the
1968-69 period. Since then there has been a well-
defined decline in the number of positive samples
and in the magnitude of residues in nearly all
estuarine areas. The decrease in the number of
samples with detectable residues has been as much
as 66 percent in areas where adequate data are avail-
able for evaluation. '

Data Utilization

Monitoring data can be of inestimable value in
detecting pesticide pollution sources and in develop-
ing the background information necessary for the
efficient management of estuarine systems. In this
monitoring program, three characteristic pollution
situations have been identified and a description of
them will illustrate the general usefulness of moni-
toring data in establishing some of the guidelines for
regulating the manufacture and registration of
pesticides.

The Rio Grande River Basin on the south Texas
coast is an area of intensive farming of grain, citrus,
and fiber crops. The subtropical climate permits
multiple harvests annually. During the mid-1960’s,
the recommended farm use of pesticides in this area
was about five times the amounts recommended in
neighboring river basins. Oysters monitored in the
Laguna Madre consistently contained DDT residues
about five times that of oysters from other Texas
estuaries. There is good evidence that the DDT
residues in the food of speckled seatrout in this area
were large enough to seriously interfere with the de-
velopment of the young. It seems clear, in retrospect,
that the registered use of persistent pesticides on
Rio Grande Basin farmlands permitted the agricul-
tural segment of the economy to work to the detri-
ment of the local fishing industry. The continued
use of DDT would have eventually eliminated the
seatrout. The demonstrated need for pest control
throughout the year in this area requires the sub-
stitution of non-persistent pesticides and biological
controls which will not degrade the environment.

In southwest Florida, however, the use of DDT
on maturing corn and sugar cane was distinctly
seasonal. The runoff from farmlands in the Caloo-
sahatchee River Basin contained sufficient DDT
during the February-April period in 1967 and 1968
so that residues in local oysters were above the
suggested ‘action’ level of 5 ppm. There is no reason

to suspect this amount of DDT would be harmful to
oysters themselves, nor are oysters preyed on in
nature to the extent that tissue residues of this
magnitude would be detrimental to some earnivore—
ineluding man. Nonetheless; ‘these residues would
prevent the oysters being legally harvested. In this
instance, the use of DDT would have increased food
production on the farm and reduced it in the sea.
The cure, again, is the utilization of a less persistent
pesticide either alone or in combination with some
biological control of the agricultural pests.

The third situation was encountered on ‘the
Georgia . coast. Oysters monitored in St. Simons
Sound in 1967 were found to contain toxaphene
residues, a pesticide not known to have been used
in the area. Levels of toxaphene in water and sedi-
ments were high enough to admit the possibility of
damage to many faunal groups. By the judicious
placement of trays of oysters to monitor upstream
sites, increasingly large toxaphene residues were
accumulated, and the source of the pollutant was
identified as a component of the waste in the effluent
of a pesticide manufacturing facility. In this case,
identification of the source resulted in a cleanup of
the contaminated river bottom by dredging and the
construction of evaporation ponds for onshore
disposal of the toxic effluents.

MONITORING ESTUARINE FISH

The gradual decline in pesticide residues in
monitored oysters during 1970-72 pointed out the
need for a pollution yardstick that would be indica-
tive over a longer interval of time. The monthly ef-
fort in monitoring oysters no longer seemed war-
ranted in view of the continuing absence of positive
samples in many areas. Both laboratory and field
data had shown that, in contrast to molluses, persis-
tent pesticides accumulate with time in fish tissues.
Older fish in polluted waters contain progressively
larger pesticide or trace element residues than do
younger fish. However, body residues in individual
fish fluctuate unpredietably. This may be the result
of dietary stress, spawning, or some other normal
metabolic process.

Since fish are readily available, a revised program
was initiated in 1972 to monitor them in all of the
principal estuaries of the United States and its
territories. Certain criteria were established to
minimize unknown fluctuations. Sample size was
increased to 50 individuals. Fish are sampled during
their first year prior to spawning. This narrows the
time in which residues could be acquired and avoids
their loss in gamete production. Both particle-feeder
and carnivorous fish are monitored in each estuary
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to broaden the possibility of finding any pollutants
present. During the first two years of the program,
fish were monitored semi-annually to determine
whether. this was necessary or whether annual
collections might be sufficiently informative.

Data Utilization

Analyses of the more than 1,500 samples of
estuarine fish (37,500 individuals) rhonitored since
July 1972 show that, in a majority of areas, DDT
and other chlorinated pesticide residues have not
been detectable. These data confirm the trend found
in the mollusean monitoring and show that this type
of estuarine pollution has indeed declined since the
restriction in- DDT use. The analyses show, too,
that in those few estuaries where oysters: were
grossly polluted with DDT during the 1965-72
monitoring, yearling fish still have significantly large
DDT residues. These residues, in the absence of the
agricultural use of DDT, are presumably the results

of recycling between the physical and biological
substrates in the estuary. Or, alternatively, these
residues may be the result of a continuing influx
of DDT from up-river reservoirs in farm soils and
river sediments.

It is apparent. that the monitoring of estuarine
fauna for persistent chemicals remains a continuing
need. We must be in a position to gauge the effective-
ness of legal restraints on the usage of known
pollutants as well as be able to detect at an early
date the appearance of other, perhaps still unknown,
persistent chemicals that may be toxic to the biota
or endanger man’s food supply.
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ABSTRACT

A brief, very informal, overview of estuarine modeling is presented; the great variety in estuarine
environmental settings is exhibited with east and west coast examples. Typical problems con-
fronted by the environmental scientist and engineer are discussed as well as some of the solution

techniques employed fo solve them.

INTRODUCTION

Estuaries are classified according to their vertical
salinity and velocity profiles. For the simplest sys-
tem, the profiles exhibit little vertical gradient in
either parameter. More complex systems, such as
fjords, can exhibit several changes in current direc-
tion in the vertieal. Tidally affected rivers are also
sometimes referred to as estuarine although ocean-
ographers consider the estuary section of a river as
that containing a measurable amount of salt.

There are many categories of ‘“models.”” One
distinction that is made here is between a research
model, which an investigator may never document,
and a production model, which might be implemented
as a tool for management decision making (one
popular catch-phrase underlying present day funding
rationalizations).

Usnally, no model is ever “final” since it is
continually being revised as research develops. This
is particularly true in estuarine systems where the
dynamies of motion and dispersion of pollutants is
highly ecomplex. Added difficulties are encountered in
the modeling of chemical and biological interactions.
For best use, feedback between the modelers and
the experimenters is required on a continuous and
cooperative basis. All too often problems arise due
to a lack of communication between the two groups,
the modelers usually earning a reputation of the tail-
wagging-the~dog.

Some would suggest that a bad model is better
than no model at all since it does at least make an
investigator think about the system, formalize his
concepts, and make orderly what could otherwise be
a chaotie field investigation. A good model will be &
plus, of course, and can be the basis for the formal

structure of a given estuarine research program.
Suffice it to say that the field investigation designed
with a sample seheme based on a “good’” model has
several orders of magnitude greater chance of
bringing glory to its research team than to one that
simply ‘“‘samples.”

PROGRESS IN THE LAST FIVE YEARS

Progress has been made in many aspects of
estuarine simulation techniques in recent years.
Theoretical development has been relatively slow
except in the case of fjords, which have not been
especially amenable to treatment due mostly to a
lack of observational data. The so-called partially-
mixed estuaries are also at an intermediate stage
of development because of difficulties in tredting
vertical exchange processes. Theoreticians have been
wrestling with this aspect for several years with little
success. Indeed, many believe that a whole new
theoretical approach will be required although it is
difficult to envision a breakthrough which will lend
itself to practical application in the near future.

In lieu of analytical solutions of differential equa-
tions, numerical solutions can be employed. The
former method is used on simplified, general, re-
presentations of a given system. The simplifying
assumptions employed allow investigations of many
aspects of a system by, usually, rather formidable
mathematical devices. When the devices aren’t
available or the system is too complex, then recourse
to numerical methods is employed and the computer
isused to carry out the relatively simple but extremely
repetitive algebraic operations. There is a place for
both methods; as a rule of thumb, research models
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-are initially of the analytical variety while produc-
tion models are an end produet of research and
employ numerical integration techniques.

Of considerably more interest to environmental
seientists has been progress in analyzing chemical
and biological interactions. While it is a neecessity to
simulate hydrodynamic processes in the best possible
manner, so-called pollution problems usually are
concerned with the input and effect of anthropogenic
materials in the estuary or environment. If a pol-
lutant is to be so considered then it must affect the
human population either - directly or through  a
certain chain of events. This chain may be initialized
-by the uptake of materials by a given organism not
primarily utilized by man. Pollution, as defined by a
government organization, for instance, may not be
extant until several higher organisms have con-
centrated the substance to a detectable level—one
which may or may not have deleterious effects on
man. This kind of process has been known for many
years, of course, but only recently have models béen
developed to the point of practical application, i.e.,
analyms or synthesis of these events. i

Many of the models used today are variations of
the rabbit and fox theme: a given population of
rabbits is preyed upon by foxes; the fox population
grows due to plentitude of food‘; both populations
increase up to a point where the rabbits become
searce due to excessive predation. Eventually the fox
population dies off due to starvation until a new
equilibrium point is reached, and the cycle begins
anew. Such events can be, and are, studied by
mathematical models, each pOpulatlon being rep-
resented by a dlfferentlal equation with appropriate
growth and death .rates, and so forth. Interaction
between the two is accomplished in the mathematical
treatment by coupling the equations through, e.g., a

" predation’ term. This explanation, while - overly
simplistie, illustrates many of the simulations of
plankton growth and dieoff now analyzed through
numerical experimentation. Many other reactions
are also deseribed in terms of this approach. It might
be said that the easy part of the analysis is the
mathematics; obtaining the right relationships, co-
efficients, their forms and dependencies is, and will
remain, the difficult part of the problem.

SOME EXAMPLES

- It will be assumed that the reader is unfamiliar
with the models that have been developed for, or
applied to, the systems to be deseribed. What do
these models do and, equally 1mp0rtaut What don’t
they do?

.East Coast

First, consider a simulatiod on a small (25 sq.
nautical miles (n.m.)) well-mixed embayment on
the east coast of the United Statés—Jamaica Bay,
N.Y. This work was performed by Dr. J. J.
Leendertse and his associates at the Rand Corpora-
tion with finaneial support mainly from the city of
New York Asstated by Leendertse (1970) the study
was “... . intended as a first step toward prowdmg a
tool for a, quantltatlve assessment of an environ-
mental problem, i.e., the study of technical alter-
natives in the management of fluid ‘waste discharges
in well-mixed estuaries and coastal seas.”

The work developed in stages—from representing
tidal motion in the system, verification of hydraulics,
simulation of dissolved oxygen and coliform con-
centrations, and a determination of the effect of
storm water overflow on the system. The study is
essentially complete; an evaluation of the benefits
derived from this well-conducted effort in proportion
to the costs incurred has not yet been made available.
However, the project was designed t6 assess the
effectiveness of several multi-million dollar sewage
treatment schemes in the bay area. Tt is safe to
conclude that the project costs are a minute fraction
of the construetion costs to be expended. A benefit/
cost ratio greater than 1 ean only be determined if
construction cost savings were suggested by the
model. It is quite possible that the model eould
project alternatives that would prove more costly
than the initial plan costs but of more benefit to

-water quality. No doubt the economists -have an

appropriate ratio for this not unlikely event.

West Coast

As another example, a west coast study by Calla-
way, et al.,, (1969) is described. The system studied
was the Columbia River from the Pacific Ocean to
Bonneville Dam (146 miles, plus many islands and
tributaries) ; rather vast and vastly different from
Jamaica Bay. During low runoff periods, the lower
25 n.m. of the system are, by oceanographic def-
initions, estuarine. The problem here was based on
a federal government decision “... to model the
Columbia River system from the Canadian border to
the Pacific Ocean for the purpose of evaluating
existing and/or potential thermal pollution
problems.”

The first part of the study consisted of a deserip-
tion of the mathematical methods used, and the
theory and documentation of the program. The
second part described input and verification pro-
cedures, provided a test program, and gave examples
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of output. The authors end with the following
admonition: “If a slide rule w111 do the work don't
use this model or anyone else’s.’

As a final example, the fjord system of Puget
Sound is briefly discussed. This work is presently
being supported by the EPA with Dr. Donald
Winters, University of Washington, as prinecipal in-
vestigator. This study is more complex than the two
just mentioned, due in part to the lack of, and
difficulty in obtammg, observational data upon whlch
to develop theory. It is more comprehenswe in that
it is a grant objective to demonstrate ways in which
such models can be used in the numerical assessment
of biological activity in fjords. To date, the project
has determined several important features con-
cerning nutrient limitation and the effeet of light
penetration on plankton growth (Winters, et al.,
1975). In addition, it has provided hydrodynamlc
input (Winters, 1973) to a commereial productlon
maodel of parts of the sound.

\

FUTURE TRENDS AND NEEDS

Most of the major needs relating to simulation
-models of estuarine -phenomens do not -concern
modeling as such, but basiec research on vertical
diffusion processes, kinetics of sedimentation proees-
ses, air-sea interactions, rate processes of uptake by
organisms, and so on. Medel building is an interest-
ing and useful occupation and proceeds at a greater
rate than fundamental research on the aforemen-
tioned subjects. This is fortunate sinee the model
can be used to guide that research, point out short-
cuts, arouse suspicion of results, and suggest linkages
that would not be apparent without recourse to a
model which is capable of thinking in a nonlinear
fashion. (Lord Rayleigh and a few other selected
individuals are capable of nonlinear intuition. One
can only hope that his like will continue to remain a

‘Wmters, D F

pace ‘ahead "of the next generatlon of ‘tomputer

juggernauts.) ” -
In summary, 'we seem to have gone through a

period of extensive model development; in some

‘degree- progress has been in" parallel with advances

in computer hardware. Computerized model de-
velopment, involving numerical -witeheraft, has
rapidly caught up with, and is capable of treating,
what we know of biochemical interactions. Further
progress will be at a slower rate in the future because

‘basit research is required on all aspects of estuarine

problems, including hydrodynamies. -

“In this day of “mission oriented” research, there
is a" danger in neglecting non-mission identified
programs: This neglect is, of course, pitiful in the
extreme when the neglecter is’ also a federal

: budgeteer
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FACTORS BEARING ON
POLLUTION CONTROL IN
U.S. PORTS LOCATED
IN ESTUARINE AREAS
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Portland, Maine

ABSTRACT

Ports must meet environmental demands during a period when they are faced with abrupt changes
in terminal design and operations. Attention must be given to increased costs, due to delays and
confusions that will affect the economic productivity of our ports. Additional and equal attention
must be placed on the effect port development will have on the existing and future ecology of

our estuarine areas.

INTRODUCTION

Concern for the port environment is a recent

phenomenon—10 years ago, the concern did not exist
on a broad basis as it does today. Admittedly, it is
still & new field in which the government and indus-
try along with individuals are seeking ways of
operating within new legislation and guidelines.
Environmental eoncerns at the level we know them
today have grown so suddenly, U.S. ports have
found it necessary to make immediate adjustments
to cope with them. These concerns include: legisla-
tion, federal agencies, dredging-disposal of spoils,
federal permits, environmental impact statements,
disposal of oily wastewater and ballast water, dis-
posal of sanitary wastes, dilapidated piers-floating
debris, land acquisition, oil spills, coastal zone man-
agement, deepwater ports, insurance demands, and
vessel traffic safety systems.

Ports are also faced with abrupt changes in ter-
minal and vessel design and operations, including
increased size of petroleum and hazardous liquid
carriers, super cargo ships in the container trade,
bulk ecarriers, lash and feeder ships, tug-barge con-
cepts, speedy hydro-foils, catamarans and surface
effect ships, conversion or abandonment of finger
piers, reclaiming flat lands for multi-million dollar
container facilities, specialized ports, and regional
port concepts. The ship operator and eustomer con-
tinue to demand fast turn arounds. All have environ-
mental implications.

FUNCTION AND TRENDS
OF U.S. PORTS

If we are to give proper attention to the subject,
it is necessary to place in perspective the role U.8.
ports play in our economy today, and the projection
of “things to come.” The value of U.S. port opera-
tions and their impact on our economy are shown in
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- Fiqure 2.—Principal commodltles carried by wa,tér—csilendar year 1972 total commerce.

1972 figures, released by the U.S. Maritime Admin-
istration: “Port commerce totals over 1.6 billion
tons contributing 30 billion dollars annually in direct
dollar-income providing livelihood for over 1.2 mil-
Ilon people—representing over 3 bllhon dollars in
terfmnal facility investments.” :

The growth trend in port commerce since 1947
is shown in Figure 1, and the principal commodities

carried by water for calendar year 1972 are shown
in Figure 2.

YESSEL TRAFFIC

Two excellent studies were recently ecompleted,
projecting -future tonnage at Umted States ports
to 2000.



. Pomrms ’ | _ 531

DOMESTIC SHIPPING

2 Billion
=
g
z
]
-~
1.5 Billien
t
S
=
n
-
w
]
o
a
i 1 Billion
& ‘o
@ @
£ «
5 oF
= =
o
pred
e <
500 Million
0

2000
YEAR

Figure 3.—Trends and projection of domestic ocean cargo '

growth, coastal and intercoastal (including Puerto Rico,
Hawaii, and Alaska) 1969-2000, as projected in the Kearney
Study.

Tigure 3 shows significant trends in domestic
ocean cargo (eoastal and intercoastal, includiiig
Puerto Rico, Hawaii and Alaska), as projected in
the Kearney Study.

The Litton Systems Study on the future of ocean-
borne shipping explores trends in the volume of
oceanborne trade, from 1950-1966 with projections
to 2043. See Figure 4.

The study also projects trends in growth of the
world merchant fleet from 1966 to 2043, which will

=Dry Cargo Trade -

=Tanker Trade
25,000 .

21,666

20,000

15,000

Millions of Long Tons
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Freure 4.—Litton Systems, study of the projection of volurie
of oceanborne trade into 2043. ’

Millions of Gross Registered Tons

700

660.3

Tanker Capacity Required

Pry Cargo Ship Capacity Required

1966 1973 - 1983 2003 2043
YEAR

Figure 5.—Litton Systems Study showing forecast of growth

in the world merchant fleet into 2043.

have an impact on vessel traffic, hence concern for
the port environment (Figure 5).

The studies show that within the next 15 years
development of coastal petroleum tank barge trade
will occur as a means of secondary distribution.
During the past six years (1968 date of Litton
Study), there has been a growing use of tank barges
carrying petroleum in the coastal trade. See Figure 6.
_ The Coast Guard is concerned about the increased
movement of petroleum and other liquids in tank
barges; towed or pushed along our coastlines. They
currently' monitor the tank barge service to deter-
mine trends and problems.

On July 7, 1972, Congress passed P.L. 92-339,
which among other issues, made it mandatory that
all operators of tow boats under 300 tons be licensed
by the Coast Guard (qualify for Tow Boat Operators
Lieense).

Barges carrymg hqmd product in the coastal trade
must be inspected for seaworthiness by the Coast
Guard; however, towboats under 300 tons are not
-required to come under Coast Guard inspection.

REGIONAL PORTS

Dlseussions are takmg place in several port areas
throughout the country, focusing on a regional port
concept. Those areas inelude the Washington Public
Ports Association, the Sah Francisco Bay area, and
the New York ports of Buffalo, Ogdensburg, Oswego,
and Albany.? There is some thought that the “re-
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Figure 6.—Trend in use of tank barges (towed or pushed)
in inland waters and coagtal services, under Coast Guard
inspection. Note: Inland waters and coastal numbers were
not separated until 1973. Percentage increases for individual
services will be recorded separately in the future: )

gional port concept” is ‘sponsored by the federal
government and is an intrusion into. the free enter-
prise system. Howevep, it must be noted that studies -
at current port areas were initiated at the local level.
One of the principal objectives of thie studies is to-+

determine the value of a number of siall ports -

versus a regional port te serve U.S. trade; and keep
U.8. products flowing into competitive world mar- -
kets. A secondary benefit would be clesner coastal
water with all commercial activity centralized at
one port, rather than a number of small ports. The
major pollution concern would be to mobilize funds,.
expertise, manpower, and ‘equipment at one port to, -
prevent and control’ possiblé il spills ‘and: other .
pollutants from vessel-traffic and port opérations. .

P

FEDERAL LEGISLATION

Some of the pertinent federal legislation influene-
ing port environment and operations from 1969 to

EsTUARINE PoLuttion CONTROL

the present include, by title:

Refuse Act of 1889

" Federal Water Pollution Coptrol Act (FWPCA)

of 1948.:(As amended 152-61-65-66-70-72) P.L.
91224 (4-3-70). "o 4
Federal Water Quality Standards Act of 1971,

P.L. 92-500 (10-18-72) = -~
Ports and Waterways Safety Act of 1972. P.L.

92-340 (7-10-72). . . ..

‘Marine, Protection, Research and Sanctuaries
Act of 1972. (Ocean Dumping Act) P.L. 92-532
(10-23-72)- (As amended 1974, P.L. 93-254)

Deepwater Ports Facilities Act of 1974.

- Coastal Zone Management. Act P.L. 93-583
(10-27-72) e

~'This" legislation, with resulting regulations and
federal-agency administration, requires constant at-
tention and. monitoring by port, personnel.

FEDERAL AGENCIES INVOLVED

As new federal leg'isvlationlwas' péésed, and regula-

- tions and direcdtives written, port directors and ter-
“minal operators found it.difficult to keep informed.
- Communications between federal agencies and port
. directors were improved By a ‘series of meetings
" arranged through the American Association of Port

Authorities and the U.S. Maritime Administration.
Figure 7 is a matrix listing of federal agencies
invelved in a port environment, depicting areas of

“overlap in duties and responsibilities, which tend to

cause confusion in the port industry. This situation

' is particularly réprehensible when the agencies work

in consort to.prepare advérse reports on a specific

-project; but: then file separate objections as if their
~ determinations were individually and independently

reached.

"It is difficult to 'q'uantifg;: ‘the.extent of the confu-

- sioh, its impact and resulting'delays and costs, other

than to state that it exists and attention must be
given: to elarifying the situation. The matrix shows
there are 69 separate port environment activities
involving over 50 federal agencies or bureaus. It
shows over 550 different steps must be taken to
process port-related activities.

* DREDGING-DISPOSAL OF SPOILS

The Army Corps of Engineers, in fulfilling its mission
in the development and maintenance of the navigable
waters of the United States is responsible for the dredg-
ing of large volumes of sediments each year. Annual
quantities approach 400 million cubic yards of dredge
material for boeth maintenance and new work. Costs
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Bureau of Reclamation (INTE-
RIOR}

BRTA e Bureau of Resources & Trade As-
sistance (COMMERCE)

BSFW el Bureau of Sports, TFisheries &
Wildlife (INTERIOR)"

CEQ oo Council on Environmental Qual-
ity (EXEC. OFC. OF PRESI-
DENT)

COE e Corps of Engineers (ARMY)

COMMERCE ___________ Department of Commerce

CPAD -.——_.Community Planning & Develop-
ment {HUD}

EDA E ic Devel t Admin-

istration: (COMMERCE)

tion & Welfare
_-Departntent of Housing & Ur-
ban Development

IBC e eeecemem Internation Boundary Commis-
: sion (US-CAN & US-MEX})
1Jc " International Joint Commission

(US-CAN)
INTERIOR - o Department of the Interior

—-.Department of Labor
___Maritime Administration (COM-
MERCE)
NMFS oo National Marine Fisheries Serv-
ice (NOAA-COMMERCE)
National Ocean Smrvey (NOAA-
COMMERCE)

Water Quality X X XX X X X X X X X X xX|x
Oil Spills X X XX X X
Oily Waste X XX X 1X X X
Liquid Chemical Waste X XX X [X X X
Other Hazardous Substances X XX X iX X X X X
Sanitary Waste X XX XX X X X
Solid Waste X XX XX X X
Harbor Debris Cleanup X X XiX X X X X
Air Pollution X 1 X
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Thermal Pollution. . | d X XX X X x
Coastal Z;)ne Mapagement o X XX X X x| X X
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Preservation Agency . RIOR) ]
AEC Atomic Energy Commission FAA el Federal Aviation Administration National, Weather Service
APHIS e Animal and Plarit Health In- (DOT) ) (NOAA-COMMERCE)
spection Service (USDA) FCC Federal . G jeations . Com- Office of Coastal Zone Manage-
_.Department of the Army mission . ment (NOAA-COMMERCE)
Bureau of Indian -Affairs (IN- Federal Drug Administration OMA e Office of - Maritime  Affairs
TERIOR) (HEW) (STATE)
BLM e Bureau of Land Management FBA e Federal Energy Administration "“'Oﬁig’xchag*;ggmegt & Budget
(INTERIOR) . CFEWA e Federal Highway Administration ]?)ENT). . OF PRESI-
BOC oo Bureau of Customs (TREAS- ooTy o 0CG - _Office of Oil & Gas (INTERIOR)
URY) ——-Federal Maritime Comn?xsaon OPLS Office of Pipeline Safety (DOT)
BOR - Bureau of Outdoor Recreation ---Federal Power Commssion —-Oczecupational Safety & Health
(INTERIOR) = HEW . Department of Health, Educa- Administration {LABOR)

PCC e Panama Canal Company

PHS __ _Public Health Service (HEW)

SLSDG ceo ---St. Lawrence Seaway Develop-
ment Corperation (DOT)

STATE e Department of State

TRANSPORTATION .__Department of Transportation

TREASURY Department of the Treasmvy
(CUSTOMS)

—~-Tennessee Valley Authority

UMTA ... Urban Mass Transportation Ad-
ministration (DOT)

USCG - _U.S. Coast Guard (DOT)

USDA . _U.S. Department of Agriculture

USGS cmmmccmcmeeem U.S. Geological Survey (INTE-
RIOR)

WRC e Water Resources Council
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resently (1974) exceed $150 million per year and can
Ee expected to increase sharply, reflecting at least in
part, the cost of attempting to reduce the potential for
pollutlon of the env1ronment . .
The Corps presently maintains over 19,000 miles of
Wa,terways and 1,000 harbor. projects. In the past, the
decisions’ concerning open-water dlsposal of
1;i)ged materials have been based primarily on -eco-
nomic considerations. Plans for future dredging and
disposal activities must now reflect proper cons1derat10ns
of costs and enwronmental constramts .
Due to the fact that dredgmg and the dlsposa,l of
dredge materials oceur in such highly variable environ-
mental situations, it has been generally accepted that a
universally apphcable methodology cannot be satis-
factorily developed. Consequently, it was concluded
that a broad based program of research was required to
provide definitive information on the environmental
impaet of dredgmg and dredged material disposal
operatmns 3

. ¢
* * £

The overall objective of the Dredged Material Re-
search Program {DMRP) is 1o provide sufficient deci-
sion-making tools to those agencies with dredging and
disposal responsibilities to enable them to choose the

" most environmentally compatible, technically satis-
factory, and economically feasible disposal alternatives.*
See F1gure 8. o

In 1973, Commlttee XV (Environmental Affa.lrs)
of the Amenca.n ‘Association of Port. _Authorities

ESTUARINE POI{LU”/I‘ION CoNTROL

conducted a survey among its members to determine
environmental port problems. Thirty-six U.8. cor-
porate members responded. Dredgmg and disposal
of spoils proved to be the ma,]or problem of 16 of
the reporting ports.

In 1974, AAPA Committee III (Ship Channels
and Harbors) conducted a National Seaport Federal
Waterway Funding Survey. Of the 54 responses, 24
cited serious disposal problems causing inecreased
costs and delays for channel construction and main-
tenance. ““Spoils disposal problems are evidently
affecting many port regions,” the report indicated.

FEDERAL PERMITS

The Federal Water Pollution Control Act Amend-
ments of 1972 established a new system of permits
for discharge into the nation’s waters, replacing the
1899 Refuse Act Permit Program. The federal agen-
cies given responsibility for protecting our oceans
and waterways with their permitting authority may
be found in the matrix (Figure 7).

The Army Corps of Engineers retains authority
to issue permits for the disposal of dredge fill material
in specific disposal sites, subject to EPA veto of

- RESEARCH AREA . 33

RESEARCH TASK

)

Environmental Impact and Aspects of Open Water Disposal

Environmental Im;;acts and Aspects of Land Disposal
New Disposal Coneepts '

Productive Uses of Dredged Material : '

Disposal Areas Reuse and Multiple Utilization

[ L
Dredged Material Treatment Techniqueés {md' Equipment

Dredging/Disposal Equipment and Techniques

. A. Evaluation of Disposal Sites (1)*

B. Fate of Dredged Materials (1)

C. Effects of Dredging and Disposal on Water Quality (1)

D. Effects of Dredging and Disposal on Aquatic Organisms (1)
E. Pollution Evaluation (1)

A. Environmental Impact Studies (15
B. Margh Disposal Research (1)
G, Containment Area Operation Research (1)

A, Opén Water Disposal Research (2)
B. Inland -Pisposal Research (3)
C. Coastal Erosion Control Studies (3)

A, Artificial Habitat Creation Research (1)
B, Habitat Enhancement. Research (2)

C. Land Improvement Regearch (3)

D. Products Research (2) ’

A. Dredged Material Drainage/Quality Improvement Research (2)
B, Wildlife Habitat Program Studies (1)

C. Disposal Area Reuse Research (1) .

D, Disposal Area Subsequent Use Research (2)

E. Disposal Area Enhancement (2)

A. Dredged Material Dewatering and Related Research (2)
B. Pollutant Constituent Removal Research (1)

C: Turbidity Control Research (1)

A, Dredge Plgmt Related Studies (3)

B. Accessory Equipment Research (2)

C. Dredged Material Transport Concept Research (4)

‘. % Numbers in parenthesis indicate the beginning year of the reséarch task.

Figure ,8.—Out1ii;e of drédged material research _program,
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disposal sites. However, in the new Corps permitting
system, no time schedule for processing permits has
been developed. When objections are raised at the
district level, an extensive time lapse develops while
a decision is considered at a higher level. '

There is no indication that the requirement to
obtain permits for port projects is opposed by the
port industry. However, it is important. that there
be no long delays in granting permits which might
result in added costs to port projects, with possible
adverse effect on the water quality in estuarine
areas. ' ’ -

ENVIRONMENTAL IMPACT STATEMENTS

The EIS is now a responsibility under the National
Environmental Policy Act (NEPA) of 1969—Sec-
tion 102 (2) (¢). The-program is administered by
the Council on Environmental Quality (CEQ)
established under Section 202 of the NEPA.

An EIS must be filed for all projects which signifi-
cantly affect the quality of the human environment
and for which a major federal action, such as funding
or licensing, is involved. The EIS must take into
consideration the economic values of a project as
well as the environmental impact. A healthy balance
must be retained for the welfare of the ports and
the country.

The Army Corps of Engineers has 900 environ-
mental impact statements to write on maintenance

projects alone. At the present rate, the Corps can-

only handle about 60 EIS a year, althqugh, as of
January 1, 1976, every Corps project will require an
EIS.%* Several ports have indicated problems result-
ing from the requirement to provide an EIS. It is
difficult to quantify and document each problem;
however, general comments express concern over
agency guidelines being changed during preparation
of the